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PULSE CODE MODULATION (PCM) ENCODER " D m K  

f o r  
AYDIN VECTOR W-600 SERIES SYS" 

Stephen F. Cur r i e r  and Wayne R. Powell 

NASA Goddard Space F l ight  Center 
Wallops F l igh t  F a c i l i t y  

Wallops I s land ,  Virginia  23337 

IN'IRODUCTION 

The information required t o  e f f e c t i v e l y  and r e l i ab ly  use  t h e  Aydin Vector Division 

MMP-600 series pulse  encoder system is presented i n  t h i s  document. 

c a p a b i l i t i e s  and l imi t a t ions  are defined and required in t e r f ac ing  in fomat ion  is 

provided. Assimilation of t h i s  information by instrumentation systems designers  

p r i o r  to  t h e  conceptual de f in i t i on  of mission instrumentation systems w i l l  increase 

t h e  probabi l i ty  t h a t  t h i s  encoder system can s a t i s f y  mission requirements. 

The system 

Due t o  t h e  system's  small size, l o w  power consumption and programnable f l e x i b i l i t y ,  

a broad range of telemetry da t a  transmission requirements can be s a t i s f i e d  by t h i s  

encoder system. Frequently recurr ing m i s s i o n  da t a  transmission requirements are 
a c c m d a t e d  i n  sho r t  response times by stocking a l i b r a r y  of standardized input 

expansion modules at NASA Wallops F l igh t  F a c i l i t y .  

a mission unique encoder system can be assembled. 

By drawing from t h i s  l i b r a r y ,  

The modules are procured as c m r c i a l  grade sub-assemblies. 

l e v e l  funct ional  tests are performed by t h e  manufacturer. 

at mounting p l a t e  temperature extremes of -35 degrees Centigrade and +85 degrees 

Centigrade. A "standard" encoder component composition programned f o r  a typ ica l  

output format is employed f o r  systems l e v e l  tests. 

When the mission 's  da t a  requi re rxnts  are defined, t h e  necessary pa r t s  are issued 

from t h e  NASA Wallops F l igh t  F a c i l i t y  l i b r a r y  of FCM components. 

assembled i n t o  t h e  required configuration and programned f o r  t h e  desired output 

format. 

Component and s y s t e m  

The systems are screened 

The modules are 

Functional and v ibra t ion  t e s t i n g  is then performed i n  t h a t  configurat ion.  



ORIGINAL PAGE 1% 
OF POOR QuALlTY 

Figure la.-Typical hW-600 microminiature FCM encoder system shown 
with i n t e r f a c e  connectors. 

Figure lb .-Typical PCbl s t ack .  
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GENERAL DESCRIPI'ICN 

The FCM encoder system (Figures la  and lb )  has flown on more than 50 sounding 

rockets  without an in- f l igh t  anomaly. 

i n  Figure 2 and t h e  general  block diagram of t h e  system is shown i n  Figure 3 .  

Combinations of analog and digital  data inputs are accepted by t h i s  system which 

c o n s i s t s  of s tandard plug-in modules f m  two groups: 

An exploded view of a typical s t a c k  is shown 

Group I 

One each of t h e  modules listed below are required i n  every system. 

PX-628 Power Supply.-This module is a synchronous isolated power  supply which also 

includes t h e  basic oscillator for t h e  system. Eight b i t  rates are programnable at 
t h i s  module of 6.25, 12.5, 25, 50, 100, 200, 400, 800 k i l o b i t s  per second. An 

externa l  clock input exists at  t h e  power  supply module. 

megabits per second are a t t a i n a b l e  using t h i s  0 t o  +10 v o l t  input .  

B i t  rates of up t o  one 

PR-614 Processor.-This module conta ins  t h e  processor cont ro l  c i r cu i t .  
funct ions as a microprocessor executing t h e  software program entered i n t o  t h e  

256 x 8 erasable programnable read-only memory (EPM) and con t ro l s  t h e  t iming and 

operat ion of t h e  e n t i r e  system. 

The PR-614 

FM-618 Formatter.-The FM-618 receives  a l l  of t h e  digi ta l  da ta ,  which is suppl ied 

by t h e  AD-606 and a l l  of t h e  digi ta l  mult iplexers  except t h e  serial d i g i t a l  module. 

The FM-618 then performs parallel to serial conversion as necessary and merges t h e  

d i g i t a l  d a t a  with synchronization words. 

TM-615P Timer.-This module rece ives  t h e  s e r i a l  output from t h e  f o m t t e r  module. 

The timer then converts t h i s  da t a  i n t o  t h e  desired €XI! codes Bi-0-L, NRZ-L, Bi-0-M, 

Bi-0-S, NRZ-M, NRZ-S. Test  point  outputs ,  such a s  b i t  c lock,  uford clock,  and frame 

synchronization pulses ,  are also provided by t h e  timer. 
available at t h e  t imer  module. This  2X b i t  clock is t h e  only system output t h a t  is 

not l o w  p o w e r  'ITL compatible; it is a 0 to +10 v o l t  output and can be used as an 

input t o  t h e  ex terna l  clock input a t  t h e  power supply module t o  run mul t ip le  

MMp-600 systems synchronously. 

number of b i t s  per word (8, 9 or 10 b i t s  s e l ec t ab le ) ,  odd or no p a r i t y  select, 
sample s e t t l i n g  the, and output code. 

Ep-612 End Plate.-This module contains  t h e  removable EPKM and terminates  t h e  s tack .  

3 

A 2X b i t  clock is 

Programnable parameters at t h e  t imer  module are 
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Group I1 

U s e  of each module i n  t h i s  group is opt iona l .  

can be used depending on t h e  d a t a  input requirements. 
Variable q u a n t i t i e s  of each module 

AD-606 Sample and Hold and Analog t o  D i g i t a l  Converter (ADc).-This module is 
I required only when analog data inputs  are present .  This  module accepts  inputs  from 

t h e  analog multiplexers and d i g i t i z e s  each sample i n t o  10 b i t s  of reso lu t ion .  

one is required per system. 
Only 

MP-60s 32-Channel High Level Analog Multiplexer.-This - module accepts  32 analog in- 

pu ts  from 0 t o  +5 v o l t s .  Eight is t h e  maximum number of MP-6OLL modules per system. 

PD-629 30-Input Bi-Level Multiplexer with Two Enables.-This module accepts  up t o  
th ree  p a r a l l e l  d i g i t a l  channels with each word containing 8, 9 or 10 b i t s .  
is t h e  maximum number of PD-629 modules per system. 

Sixteen 

, 9 4 2 4  S e r i a l  D i g i t a l  Data Multiplexer.-This module accepts  up t o  e igh t  serial 

d i g i t a l  inputs with word lengths  of 8, 9 or 10 b i t s .  

SD-624 modules per system. 
Four is t h e  maximum number of 

CM-622P Dual Counter/Accmlator.-This module counts pulses .  

two counter/accurmlators. 

system. 

Each CM-622P includes 

Nineteen is t h e  maximum number of counter modules per 

TA-623 Time Event Monitor with Alternat ing Registers.-This module accepts  two event 

pulse  inputs  and is used t o  determine t h e  r e l a t i v e  time of occurrence of events.  

The a l t e rna t ing  r e g i s t e r s  reduce t h e  rate at which t h i s  module must be read out .  

One is t h e  maximum number of TA-623 modules per system. 

TB-625 Time Event Monitor and Timing Buffers.-This module accepts  two event pulse  

inputs  and is used t o  determine t h e  r e l a t i v e  t i m e  of occurrence of events.  The 

timing buffers  provide counter outputs  of word number per frame and minor frame 

number. Two is t h e  maximum number of TB-625 modules per system. 

FL-619A Quad Fi l te rs . -This  module provides four  lowpass premodulation f i l t e r s  t o  

f i l t e r  t h e  s e r i a l  output.  

potentiometer on t h i s  module. 

The amplitude of t h e  vol tage output is adjus tab le  with a 

Refer t o  spec i f i c  s ec t ions  of each module f o r  a canplete  descr ipt ion.  

information h e r e  is intended only as introductory material. 

The 
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TAI3I.B 1. Wl#M PFKGWING CODES* FOR SELECTING DATA CHANNELS 

Channels Maximum No. of 
Module Address Line Per Modules per 

Name A 7  A6 A 5  A4 A 3  A2 A 1  A 0  Module System 

MP-GOlLI M M M C C C  

PD-629 O O M M M M  

SD-624 O O M M X C  

cM-622P O O M M M M  

TA-623 (See Table 15) 

TE3-625 (See Table 15) 

c c  32 

c c  3 

c c  8 

M C  2 

2 

2 

8 

16 

4 

19 

1 
2 

M = Module select b i t  

C = Channel select b i t  

0 = Must program a "0" 

X = Don't care 

*These programning codes arz to  be used i n  t h e  EPIIL>M program. 

MULTIPLEXING CONTROL 

The multiplexing sequence is determined by means of an e ight -b i t  p a r a l l e l  address,  

A 0  - A 7 ,  generated by t h e  processor module and bused i n t e r n a l l y  t o  a l l  multiplexer 

modules. The most  s ign i f i can t  b i t  (MSB) is represented by A 7  and A 0  represents  

t h e  least s i g n i f i c a n t  b i t  (LSB) of t h e  address l i n e s .  The higher order  address 

l i n e s  select a multiplexer module and t h e  lower order  address l i n e s  select a s i n g l e  

channel within t h a t  module. 

multiplexer module is assigned a unique address. 

of t h e  same type are interchangeable, each mdu le  must be programed with a unique 

address. 

external  connector of t h e  multiplexer mdules .  

at  t h e  module agrees with t h e  state of t h e  address l i n e s ,  which update a t  tne word 
rate. The EPROM programning codes required for each multiplexer module are l i s t e d  

i n  Table 1, and t h e  operation of t h e  MP60lL analog multiplexer is i l l u s t r a t e d  i n  
F i g w e  4. 

I n  t h e  system program w r i t t e n  i n t o  t h e  EPROM, each 

Since a l l  multiplexer modules 

This  is accomplished by grounding appropriate programning p ins  on t h e  
A module is enabled when t h e  address 
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I n t e r n a l  A d d r e s s  

3 2  C h a n n e l  
Random Access 

Mu1 t i p l e x e r  

b 

E x t e r n a l  
C o n n e c t o r  
P rogramming  

- 

+ 
i 3 - b i t  

C o m p a r a t o r  

Ana log  
Channe 1 
I n p u t s  

A =  B 
M u l t i p l e x e r  

E n a b l e  

0- 
1- 

3 0  - 
31 - 

Bus  

PAM Bus  A0AlA2A3A4A5A6A7 
T o  A n a l o g  t o  D i g i t a l  

C o n v e r t e r  

Figure 4.-MP-60lL analog multiplexer block diagram 
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The address l i n e  func t ions  of t h e  ind iv idua l  mul t ip lexers  are l i s t e d  below: 

h P - 6 O l L  A 0  - A4 channel select; A 5  - A 7  module select 
SD-624 A 0  - A 3  channel select; A4 - A 5  module select; A6 = 0, A 7  = 0 

PD-629 A 0  - A 1  channel select; A2 - A 5  module select; A 6  = 0, A 7  = 0 

CM-622P 

TA-623 See s p e c i f i c  module sec t ion  

TB-625 See s p e c i f i c  M u l e  sec t ion  

A 0  channel select; A 1  - A 5  module select; A 6  = 0, A 7  = 0 .  

EPROM OONTROL AND DATA FORMAT 

The user w r i t t e n  system program res id ing  i n  t h e  9702A u l t r a v i o l e t  256 x 8 EPROM 

is respons ib le  for seve ra l  system format cha rac t e r i s t i c s :  

'The system program sets t h e  sampling r a t e  of a l l  afialog and d i g i t a l  

inputs .  

and supercornnutation within t h e  data sampling format. 

Variable sampling rates are achieved by using subcarmutation 

'The b i t  p a t t e r n  and t h e  number of frame synchronization words appearing 

i n  t h e  f o m t  are under EPFDM con t ro l .  

'The loca t ion  of each measurement ( input channel),  synchronization words 

and t h e  subframe i d e n t i f i c a t i o n  within t h e  data format are under WFUN 

con t ro l .  

subcomnutated d a t a  word. 

The subframe i d e n t i f i c a t i o n  word must precede t h e  first 

'Major and minor frame lengths  are under EPm control. Allowing t h r e e  

percent t o  f i v e  percent of t h e  256 EPROM address locations for 

synchronization of words, a major frame l ength  of 247 words is possible 

(without subcornnutation i n  t h e  format). 

maximum minor  frame length is governed by t h e  following equation: 

When subcomnutation is used, 

L = 256 - 2F - ZQn ( n  + 2)  

where 

L = Maximum minor frame length 

F = Number of frame synchronization words i n  
one minor frame ( inc lude  subframe i d e n t i f i -  
cation counter word) 
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Qn = Number of subframes t h a t  are n words i n  depth 

n = Subframe depth (number of w o r d s  i n  subcotmutation) 

Minor frame length is l imi t ed  only by equation (1). 

possible  to a subframe depth of 32 i n  t h e  following increments: 

8, 16, 32. Non-binary subframe depths (such as 5, 10, and 20) can 

also be provided. 

explanation of the frame lengths  (equation (1)) follows. 

Subcotmutation is 

2,  4 ,  

A sample format is displayed i n  Figure 5, and an 

Format Length 

Applying equation (1) to t h e  sample format given i n  Figure 5, we ob ta in  t h e  follow- 
ing equal i ty:  

L = 256 - 8 - [ 2(2+2) + 2(4+2) + 2(8+2) ] 
sync. words words words 

words 118~12 14&15 178~23 

L = 208 

This  result states t h e r e  are 208 unused address loca t ions  within t h e  EPROM. I t  is 
poss ib le  t o  address 208 addi t iona l  channels e i t h e r  at t h e  mainframe rate or super- 

cotmutated. 

equation ( 1 ) . 
U s i n g  subcomnutation w i l l  diminish t h e  number 208 according t o  

SYSTEM SPECIFICATIONS 

B i t  Rate S t a b i l i t y  

The c r y s t a l  c lock i n  t h e  PX-628 power supply provides f 0.02 percent error maximum. 
The b i t  rate s t a b i l i t y  f o r  systems employing an ex terna l  clock follows t h e  s t a b i l i t y  
of t h e  external clock used. 

Frame Synchronization 

The number, b i t  pa t te rn  and loca t ion  within t h e  format of t h e  frame synchronization 

words are all  under EPROM cont ro l  and can be p r o g r m d  as desired.  

cornnutation is used, a subframe i d e n t i f i c a t i o n  counter word is used to determine 
t h e  minor frame count. Typical ly ,  t h r e e  t o  f i v e  percent of t h e  f o m t  should be 

When sub- 
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synchronization words. 

f i r s t  subcomnutated data word. 

The subframe i d e n t i f i c a t i o n  counter word must precede t h e  

FCM Output Formats 

Bi-(D-L, Bi-0-I!, Bi-(D-S, NRZ-L, NRZ-M, NRZ-S are selectable at t h e  timer module. 

(See Figure 10 f o r  f u r t h e r  explanation and descr ip t ion  of these  codes.) 

Unf i l te red  FCM Output Level 

The u n f i l t e r e d  FCM output is COS-Mos and l o w  power TI'L compatible. 

i n  t h e  range 0 t o  +0.1 v o l t  dc. 

The output impedance is one kilohm maximum. 

Logic "0" f a l l s  

Logic "1" f a l l s  i n  t h e  range +5.0 t o  k0.5 v o l t  dc. 

Premodulation F i l t e r  

The premodulation f i l t e r  is a l i n e a r  phase l o w  pass  f i l t e r .  

slope is -36 dl3 per octave pas t  t h e  -3 dB p o i n t  of t h e  f i l t e r .  

t i o n  f i l t e r  is ava i lab le  i n  some TM-615P timer modules. 

280 KHz f co  is used f o r  s y s t e m s  using Bi-(D-L outputs  with a b i t  rate of 200 k i l o b i t s  

per second. 

TM415P module has  a l o w  pass f i l t e r  with 560 KHz fco.  

systems employing a Bi-(D-L output at a rate of 400 k i l o b i t s  per second. 

put of t h i s  second f i l t e r  is 4.0 v o l t  peak-to-peak centered about 0.0 v o l t .  

formulas f o r  s e l ec t ing  a premodulation f i l t e r  are: 

The f i n a l  ro l l -o f f  

A s i n g l e  premodula- 

A l o w  pass  f i l t e r  with 

The output is 2.0 v o l t  peak-to-peak centered about 0.0 v o l t .  A second 

This  f i l t e r  is used with 

The out- 

The 

0.7 x b i t  rate = 

1.4 x b i t  rate = 

f co  f o r  systems using NRZ-L output 

fco  f o r  systems using Bi-0-L output .  

Additional Premodulation F i l t e r s  

Four addi t ional  f i l t e r s  are ava i l ab le  at t h e  FL-619A quad f i l t e r  module. Low pass  

filters with -3 dE3 corner frequencies of 8.8, 11.5, 17.5, 23, 35, 46, 70, 92, 140, 

280, 560, and 1120 KHz. Four f i l t e r s  are ava i l ab le  per  module. The proper module 

pa r t  number must be used t o  ge t  t h e  des i red  c h a r a c t e r i s t i c .  

l e v e l  is adjustable  from 0.1 v o l t  peak-to-peak through 10.0 v o l t s  peak-to-peak 

centered about 0.0 v o l t .  

addi t iona l  i n f  o m a t  ion .  ) 

The output vol tage 

(See t h e  section on t h e  FL-619A quad f i l t e r  module for 
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Word Structure  

Word length is f ixed  such t h a t  a l l  words  are t h e  same length within a s i n g l e  system. 

The t r a n s n i t t e d  b i t  sequence for analog and counter data is MSB f i r s t  and LSB last. 
The AD-606 Sample and Hold and Analog t o  Digi ta l  Converter Module is a 10-bit 

analog t o  digi ta l  converter.  

t o  be truncated. 
Using word lengths less than 10 b i t s  causes t h e  LSB's 

Resolution 

The number of b i t s  per word is determined by t h e  reso lu t ion  programed a t  t h e  timer 

module connector. Eight ,  nine,  or t e n  binary b i t s  are se l ec t ab le .  Other mlti- 

p lexer  modules t h a t  must be programed f o r  word length are t h e  CM422P Dual 

Counter/Accumulator and t h e  SD-624 Serial Dig i ta l  Data Multiplexer. 

L inear i ty  

The ADCIS deviat ion from a best s t r a i g h t  l i n e  is +3 LSB maximum. 

Analog Accuracy 

The w o r s t  case f o r  analog accuracy occurs when a high number of analog modules are 
incorporated i n t o  a s y s t e m  (e igh t  analog modules maximum), t h e  b i t  rate is very 

fast (800 k i l o b i t s  per second maximum using in t e rna l  c lock) ,  and a shor t  word 

length is used (e ight  b i t s  per word minimum). 

decay problem when approaching worst case conditions.  

capacitance pe r  module, e igh t  b i t s  per word and a high source impedance of 5000 

ohms and a high b i t  rate of 800 k i l o b i t s  per second, t h e  analog error is 0.35 

percent k+ LSB ( t h e  percentage r e f e r s  t o  fu l l - sca le  input of +5 v o l t s ) .  

analog error assoc ia ted  with a "typical" system is less than 0.01 percent A-3 LSB. 

These numbers assume a system with e igh t  b i ts  per word, an 800 k i l o b i t s  per second 

b i t  rate, a source impedance of 1000 ohms and f i v e  analog modules i n  t h e  s t ack .  

For maintaining accuracy, it is r e c m n d e d  to  use  a source impedance of less than 

100 ol-iii. For mre infoimation, refer t o  the illlP-60lL sec t ion .  

The accuracy becomes a capac i t ive  

Assuming 15 picofarad bus 

The 
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Analog to  Digital  Conversion 

The conversion process is accomplished using t h e  method of successive approxima- 

t i ons .  

generated by an in t e rna l  clock. 

sect ion. 

Dig i t iza t ion  is performed a t  a f ixed  rate of approximately 1.6 M H Z  which is 

For more information r e f e r  to  t h e  AD-606 module 

ELM;TRICAL SPECIFICATIONS 

Power Input 

The power input is +28 v o l t s  +_4 v o l t s  dc. 

w i l l  cause permanent damage. 

An input  voltage i n  excess of +37 volts 

Reverse P o l a r i t y  Pro tec t ion  

A continuous supply of -32 v o l t s  dc applied to  t h e  p o w e r  input pin w i l l  not cause 

permanent damage t o  t h e  system. There w i l l  be no cur ren t  flow because of a reverse 
biased input pro tec t ion  diode. 

System Grounding 

The s igna l ,  power and chass i s  grounds i n  t he  system are a l l  mutually i so l a t ed .  

most appl icat ions it is recomnended t o  br ing  each of these system ground po in t s  t o  

a s i n g l e  c m n  reference.  

For 

Current Drain 

The cur ren t  dra in  depends on t h e  exact system configurat ion.  

from 200 t o  500 mA. 

The typical range is 

Faul t  Protect ion 

With a l l  outputs shorted t o  s igna l  ground, no permanent damage to  t h e  system w i l l  

result. 



Data Channel Inputs 

All data channel inputs  are CMOS and low power TI'L compatible. 

Analog channels are s ing le  ended and accept 0 t o  +5 v o l t  dc inputs.  

inputs  can range between -35 vo l t s  t o  +35 vol t s  dc on a l l  channels without permanent 
damage t o  the  module. I t  is reccmnended tha t  no more than 20 inputs  per module be 

subjected t o  t h e  voltage extremes simultaneously. 

The analog 

Bi-level p a r a l l e l  channels accept -35 v o l t s  t o  +2.0 v o l t s  dc inputs t o  provide a 

logic  "0" output and +3.5 v o l t s  t o  +35 vo l t s  dc inputs  t o  provide a logic  "1" out- 

put. Voltages outs ide  t h i s  range w i l l  cause permanent damage to  t h e  module. 

Se r i a l  d i g i t a l  channels accept -1.5 to +0.9 volt  dc t o  provide a logic  "0" and 

+3.15 t o  +6.5 v o l t s  dc t o  provide a logic  rrl" output.  

can t o l e r a t e  vol tages  of -1.5 v o l t s  t o  +6.5 vo l t s  without causing permanent damage 

t o  t h e  module. 

The serial d i g i t a l  inputs  

Input pulses  t o  be counted s h a l l  be 0 t o  +5.0 v o l t s  dc f o r  a minimum duration of 

500 nanoseconds. 

+5.0 v o l t s ,  t he  pulse duration s h a l l  be a minimum of 1000 nanoseconds. 

s ing le  pole lowpass f i l t e r  a t  t he  counter input t o  limit f a l s e  counts due t o  noise. 

The RC time constant is 0.5 microsecond. 

CMOS or low power 'ITL, compatible. 

vo l t s . )  

cause permanent damage t o  t h e  counter module. 

Time event pulse inputs ,  used t o  measure r e l a t ive  time between pulses ,  s h a l l  be 0 t o  

+5.0 v o l t s  nominal and be of duration one microsecond minimum t o  in su re  t r i gge r ing  
of t he  module. Voltages applied t o  the  inputs ou ts ide  the  range -0.3 t o  +36 v o l t s  

w i l l  cause permanent damage t o  the  time event modules. 

For input pulses  t o  be counted with an amplitude less than  a f u l l  

There is a 

The inputs  t o  pulses  to  be counted are 
(Typically, CMOS or 'ITL is less than 0 t o  +5.0 

Voltages applied t o  t h e  inputs outside the  range -0.5 t o  +5.5 v o l t s  dc w i l l  

Program Inputs 

Several pmgramnable parameters are as swia t ed  with t h i s  systm,. 

inputs  on each of t h e  programnable modules use a pos i t i ve  log ic  system. 

is accomplished by grounding appropriate pins on t h e  ex terna l  connectors of these 

modules or by use of a log ic  interface.  

in te rpre ted  as a logic  "1". 

The p r o g r ~ v  L b  

Programning 

An ungrounded programning pin w i l l  be 

A l l  pull-up voltages a re  referenced t o  s ignal  ground. 
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Programing inputs  on the: 

(1) PX-628 are pul led up t o  10 v o l t s  through 10 kilohm resistors, 

(2) TM-615P are pul led up t o  10 v o l t s  through 30 kilohm resistors, 

(3) MP-601 are pul led up t o  10 v o l t s  through 10 kilohm resistors, 

(4)  PD-629 are pul led up t o  10 v o l t s  through 30 kilohm resistors, 

( 5 )  CM-622P are pul led up t o  10 v o l t s  through 20 kilohm resistors f o r  

the address l i n e s  and through 50 kilohm resistors f o r  t h e  word length 

program inputs ,  

(6) SD-624 are pul led up t o  10 v o l t s  through 20 kilohm resistors 
for  t h e  address l i n e s  and t h e  word length programing inputs  are 
pulled up t o  5 v o l t s  through 20 kilohm r e s i s t o r s ,  

( 7 )  TA-623 are pul led up t o  10 v o l t s  through 30 kilohm r e s i s t o r s ,  and 

(8) Tl3-625 are pul led up t o  10 v o l t s  through 30 kilohm resistors. 

The spec i f ica t ions  given above are l i m i t s  t o  t h e  system and a r e l i a b l e  in t e r f ace  

design w i l l  f a l l  w e l l  within t h e  to le rances  l i s t e d  above. 

in te r fac ing  information, see t h e  s p e c i f i c  module sections. 

For addi t iona l  input 

MECHANICAL SPECIFICATIONS 

Size  

The overa l l  size of a 32-channel high l e v e l  analog PCM system is 1.52" x 1.77" x 
2.38" not including the  mating connectors. 

module dimensions. 

Refer t o  Figure 2 f o r  individual  

Finish 

The f i n i s h  is nickel p l a t e .  



Weight 

Power supply PX-628, 50 g r a m  (1.76 02.1 maximum. 
(0.88 02.) maxirmun. 

All other  modules, 25 grams 

\ 

Connectors 

A connector with insu la ted  w i r e  leads is provided with each module having an 

ex terna l  connector. The connectors are Cannon Microminiature MDM series. The model 

numbers used with t h i s  system are MDM-SP, MDM-15P and MDM-37P. Screwlock assemblies 
are also provided t o  secure t h e  connectors t o  t h e  PCM s tack .  

Mounting 

The system can be mounted i n  any one of t w o  planes, connectors facing upward or 
sideways. 

each system. 

checked. 

The mounting screws are #4-40 socket head screws and are supplied with 

Due t o  varying EPEEDM dimensions, c learance i n  t h e  end p l a t e  should be 

Stacking 

The s tacking screws are #2-56 pan head screws supplied uncut and then custom cu t  t o  

s a t i s f y  the  s t ack  length of t h e  s p e c i f i c  systems. 

more modules, a spacer p a l l e t  or shim tape should be used. 

t i o n s  on bui lding up a s t ack ,  r e f e r  to  t h e  sect ion covering system configurat ion 

and t e s t i n g .  

For s t acks  containing e ight  or 
For de ta i l ed  instruc-  

ENVIEEDNMENTAL SPECIFICATIONS 

Operating Temperature 

The operat ing temperature w i l l  be between -35 degrees Centigrade and +85 degrees 

Centigrade. 

Storage Temperature 

The s torage  temperature w i l l  be between -54 degrees Centigrade and +lo0 degrees 
Centigrade. 
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Humidity 

The tolerable range is 0 t o  95 percent relative humidity. 

A 1  t i tude  

Unlimited . 
Shock 

Tolerable shock is 100 G peak half  s i n e  wave for 11 milliseconds i n  each of t h e  th ree  

major axes. 

Acceleration 

Tolerable accelerat ion is 100 G steady state for one minute i n  each of t h e  t h r e e  

major axes. 

Random Vibration 

Tolerable vibrat ion is 29.3 G nns at 20 to  2,000 Hz. 

Electromagnetic Interference 

The electromagnetic in te r fe rence  to le rance  complies with MIL-STD-46lA and 462. 

DETAILED DESCRIm'ION OF THE PCM ENa)DEX SYSTEM 

Group I and I1 Modules 

The Group I modules consist of t h e  following: 

PX-628 Power Supply P/N 17028000-501 
TM-615P Timer P/N 17015001-515 280 KHz premod. f i l t e r  

P/N 17015001-516 560 KHz premod. f i l t e r  
P/N 17015001-519 N o  premod. f i l t e r  

PR-614 Processor P/N 17014003-501 

EP-612 End P l a t e  (Par t  of PR-614) 
FM-618 Formatter P/N 17018000-519 



Figure 6.-Power supply module PX-628 

PX-628 Power Supply 

The power  supply module (Figure 6) accepts +28 volts dc a s  nominal p o w e r  input  and 

supp l i e s  t h e  e n t i r e  system with t h e  regulated vol tages  requi red .  The basic system 

oscillator is also included i n  t h e  p o w e r  supply module. 

loca ted  at t h e  ex te rna l  connector of t h i s  module allow f o r  t h e  s e l e c t i o n  of one of 

e i g h t  system b i t  rates. Programning is accomplished by grounding appropr ia te  p ins  

or by means of a l o g i c  i n t e r f a c e .  
"1". 

The b i t  rates selectable are 800, 400, 200, 100, 50, 25, 12.5 and 6.25 k i l o b i t s  per  

second. 

seven b i t  c lock outputs .  The frequencies  ava i l ab le  are 1600, 800, 400, 200, 100, 

50 and 25 k i l o b i t s  per second. These b i t  clock outputs  are 0 t o  +5.0 v o l t s  pu lse  

t ra ins  and are CMOS or l o w  p o w e r  TT'L compatible. 

The p o w e r  supply also allows for t h e  u s e  of an ex te rna l  c lock.  

allow system b i t  rate t o  reach 1.0 megabit per second. 

used, t h e  PX-628 should be programned t o  t h e  c l o s e s t  comparable b i t  rate. 

t i o n s  suppl ied  by t h e  ex te rna l  c lock should f a i l ,  t h e  sys tem w i l l  r e v e r t  to  t h e  
i n t e r n a l  c lock s e l e c t e d  by t h e  program at t h e  ex te rna l  connector.  

c lock is n o t  used, it is r e c m n d e d  t h a t  t he  ex te rna l  c lock input pin be grounded 

t o  reduce chances of no ise  being introduced i n t o  t h e  system. For best performance 

Three programning p ins  

An open programning p in  is i n t e r p r e t e d  as a logic 

The p r o g r m i n g  p i n s  are pul led  up t o  +10.0 v o l t s  through 10 kilohm resistors. 

1 
I 

I 

i Also provided at t h e  ex te rna l  connector of t h e  p o w e r  supply module are 

This c a p a b i l i t y  w i l l  
' 
I 

When an ex te rna l  clock is 
I f  transi- 

When a n  ex te rna l  

1 
t h e  ex te rna l  clock should be between 1.6 and 3.2 M H z .  The ex te rna l  c lock  must be 
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referenced t o  s igna l  ground. 

cent  22 percent. 

may not be detected. 

cyc le  of t h e  2X b i t  clock which is t h e  same as t h e  ex terna l  c lock when program A ,  B, 

and C are grounded. 

The duty cyc le  of t h e  ex terna l  c lock must be 50 per- 

I f  t h e  ex terna l  c lock input pu lses  are too narrow, t h e  t r a n s i t i o n s  

The symnetry of the bi-phase outputs is dependent on the duty 

When using the  system, it is important t o  heat  s ink  t h e  power  supply and t h e  e n t i r e  

s tack .  

t yp ica l ly  i n  the range 250 t o  500 mA maximum. 

The current d ra in  depends on t h e  exact configurat ion of t h e  system but  is 

PX-628 Spec i f ica t ions  

Power Input.-Nominal input of +28 v o l t s  24 v o l t s  de is accepted by t h e  power  supply 

module. 

Reverse Polar i ty  Protection.-A continuous supply of -32 v o l t s  de appl ied t o  t h e  

power  input pin w i l l  not cause permanent damage to  t h e  system. 

System Grounding.-The s i g n a l ,  p o w e r  and chass i s  grounds are a l l  mutually i so l a t ed .  

For most systems it is desirable t o  use  a c m n  reference f o r  a l l  of t h e  system 

grounds. 

Maximum Current Drain.-500 mA maximum. 

B i t  Rate Stabili ty.-The i n t e r n a l  system clock w i l l  have a s t a b i l i t y  of 20.02 

percent.  

t h e  ex terna l  clock used. 

document number I R I G  106-77, s ec t ions  4.3.1 and 4.3.2. 

The s t a b i l i t y  when using an ex terna l  clock w i l l  follow t h e  s t a b i l i t y  of 

For d e f i n i t i o n  of t h i s  spec i f i ca t ion  r e f e r  t o  I R I G  

e t e r n a l  C lock  Input.-The ex terna l  c lock input is a 0 t o  +10.0 v o l t  input .  

input w i l l  not operate on a 0 t o  +5.0 v o l t  input .  

TM-615P module is a 0 t o  +10.0 v o l t  output and can be used t o  run mul t ip le  systems 

synchronously using t h e  ex terna l  clock input .  

This  

The 2X b i t  clock output on t h e  

PX-628 Programning.-"O" = grounded p in ,  "1" = open pin.  
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TABLE 2. BIT RATE PFUXWING CODES 

h o g  A 0 1 0 

Prog B 0 0 1 

Prog C 0 0 0 

Program A Program B Program C B i t  Rate 
Pin  15 Pin 14 Pin 13 Kbit / sec  

0 0 0 800 

1 0 0 400 
0 1 0 200 
1 1 0 100 

0 0 1 50 

1 0 1 25 

0 1 1 12.5 

1 1 1 6.25 

1 0 1 0 

1 0 0 1 

0 1 1 1 

e t e r n a l  Clock Frequencies.-The appl icat ion of ex terna l  clock frequencies which are 

outs ide  t h e  below recomnendaticns w i l l  not damage t h e  p o w e r  supply module. 

degradation of analog accuracy and/or b i t  rate s t a b i l i t y  may occur. 

+10.0 v o l t  input and w i l l  not operate  on 0 t o  +5.0 v o l t s .  

However, 

This is a 0 t o  

Word Le ngth 

8 Bits/Word 

9 Bits/Word 

TABU 3. EXTERNAL CLOCK FFEQUENCIES 

Ext 

1.2 
t o  
2 .o 
1.4 
t,O 
2 .o 

114 1 118 

requc 

- 

- 

1/16  

cies ( I n  M H Z )  - 
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PX-628 Test  Outputs.-Bit rate clocks are ava i l ab le  a t  t h e  exterrlal connector of t h e  

power  supply module. 

0 t o  +5.0 vol ts  dc. 

The outputs  are CMOS or l o w  power lTL, compatible and operate at 

TABLF: 4. POWER SUPPLY TEST OUTPUTS 

Output P in  No. Output IC Type 

25 Kbi t / s  Clock 7 RCA 4050 

50 Kb i t / s  Clock 3 RCA 4050 

100 Kbi t / s  Clock 4 EiCA 4050 

200 Kbit/s Clock 6 RCA 4050 

400 Kbi t / s  Clock 5 RCA 4050 

800 Kbi t / s  Clock 1 RCA 4050 

1600 Kbi t / s  Clock 2 RCA 4050 

PR-614 Processor 

The processor module (Figure 7) contains  t h e  cont ro l  c i r c u i t .  

t h e  software program entered i n t o  t h e  EPRQM and con t ro l s  t h e  t iming and operat ion 

of t h e  e n t i r e  system. 
de t a i l ed  descr ipt ion of t h i s  module, r e f e r  t o  t h e  sec t ion  on processor cont ro l .  

The PR-614 executes 

There is no ex terna l  connector on t h i s  module. For a 

Figure 7.-Processor and end p l a t e  modules (PR-614 and EP-612) 
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EP-612 End P l a t e  

The end p l a t e  (Figure 7) terminates  t h e  stack on t h e  end opposi te  t h e  power  supply 

and contains  t h e  97028 EPROM. One EpFUX! 
is suppl ied with each system and is not  soldered i n t o  its socket .  

removed f o r  programning and reprogramning. 

m d u l e  . 

Four screws secure the EPROM access l i d .  

The EPROM can be 

There is no ex te rna l  connector on t h i s  

TM-615P Timer 

Several system funct ions must be selected at the timer n d u l e  (Figure 8 ) .  

pi-ogrzmiiiig is zccql i shed  by grounding appmpria.t.e p i n s  on t h e  modules ex terna l  

connector. 

ming p ins .  

The 

A l o g i c  i n t e r f a c e  can also be used t o  cont ro l  the  state of t h e  program- 

A p o s i t i v e  log ic  system is used and an ungrounded programning p in  w i l l  be 

Figure 8.-TM-615P timer 
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I 

I 

Some timer modules c o n t a i n  a s i n g l e  premodulation filter. 
phase f i l t e r  with a ro l l -of f  of -36dB per  octave minimum pas t  t h e  -3dB corner  

frequency. To use t h e  premod f i l t e r ,  connect t h e  des i red  coded output (p in  1, 2 ,  

4 ,  6 or 20) t o  t h e  f i l t e r  input (p in  7) .  The f i l t e r e d  PCM serial b i t  stream w i l l  

then be ava i lab le  at t h e  f i l t e r  output (p in  8) .  

are : 

This  is a l o w  pass  l i n e a r  

The recomnended -3dB f c o  p o i n t s  

0.7 x b i t  rate = -3dB point  f o r  NRZ coding 

1.4 x b i t  rate = -3dB po in t  f o r  B i 4  coding 

in t e rp re t ed  as a log ic  "1". 

30 kilohm resistors. 

sample s e t t l i n g  time, p a r i t y  select and output code. 

s e l e c t a b l e  are 8 ,  9, or 10 b i t s  per m r d .  

same length.  The counter module and t h e  serial d i g i t a l  d a t a  module also requ i r e  

The programning inputs  are pul led  up t o  10 v o l t s  through 

The programnable parameters are number of b i t s  per  word, 

The number of b i t s  per  word 

A l l  w o r d s  wi th in  t h e  system w i l l  be t h e  

word length programning i f  used. 

analog channels. 

odd or no par i ty .  

rates of 100 k i l o b i t  per second. 

and NFZ-L. 

and NRZ-S. 

The sample s e t t l i n g  t ime is programnable f o r  t h e  

(See Table 9 f o r  mre information.)  The p a r i t y  opt ion provides 

The use of t h e  odd p a r i t y  opt ion is not recomnended above b i t  

The t w o  f ixed  output codes ava i l ab le  are B i 4 - L  

The output codes s e l e c t a b l e  by programning are B i a - M ,  B i a - S ,  NFZ-M 
(For more information on t h e  output codes, see Figure 9.) 

Timer module, P/N 17015001-515, contains  a premod f i l t e r  with t h e  -3dB p o i n t  at 280 

KHz. The output is t w o  v o l t s  peak-to-peak centered about 0.0 v o l t .  

P/N 17015001-516, contains  a premod f i l t e r  with t h e  -3dB point  at 560 KHZ. 

output of t h i s  f i l t e r  is four  v o l t s  peak-to-peak centered about 0.0 v o l t .  

put impedance of these  premod f i l t e r s  is less than 10 ohms. 

P / N  17015001-519, do not  con ta in  premod filters. 

Timer module, 

The 

The out- 

Timer modules, 

Other outputs are a l s o  ava i l ab le  a t  t h e  timer's ex te rna l  connector. 
outputs  are a normal and inverted 2X b i t  c lock,  a normal and inverted b i t  c lock,  

word clock,  minor and major frame sync and t h e  inve r t  of t h e  programned coded output .  

The 2X b i t  clock outputs  are 0 t o  +10.0 v o l t  outputs  and can be used to  run addi- 

t ional MhIP-600 systems synchronously using t h e  ex te rna l  clock input .  

descr ip t ion  of sys tem timing r e l a t ionsh ips  is shown i n  Figure 10. 

These addi t iona l  

A general  
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TAE3LE 5. TM-615P 1NPV"S 

Description Pin Number(s) Input to IC Type 
Bi4/NRZ select 3 RCA 4030 & 4081 

Premod filter input 7 RCA 4049 

Word length programning pins 12,13,14,15 RCA 4029 

Sample duration 
programning pins 16,17,18 RCA 4063 

Mark/space select 22 RCA 4030 

TAl3LE 6 .  TM-615P OUTPUTS 

Output frcm IC Type Description Pin Number(  s) - 
NRZ-L output 1 RCA 4049 

Bi4-L output 2 RCA 4049 

NRZ-L primary output 4 RCA 4050 

Major frame sync 5 RCA 4050 

Bi4-L primary output 6 RCA 4050 

Premod filter output 8 CF 2515 

Inverted 2X bit clock 9 (0 to +10.0 V )  RCA 4041 

2X bit clock 10 (0 to +10.0 V)  RCA 4041 

Bi4/NRZ, mark/space 
coded output 20 RCA 4049 

Inverted Bi-(D/NRZ 
marklspace coded output 2 1  RCA 4049 

Inverted bit clock 23 E A  4049 

Minor frame sync 24 RCA 4050 

Word clock 25 RCA 4050 

Bit clock 26 RCA 4050 

All outputs except the 2X bit clocks are CM03 or low power TTL compatible and 
operate within the 0.0 to +5.0 volt dc range. 
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TABLE 7 .  BITS PEE WORD TM-615P P m W I N G  CODES 

TABLE 8. PARITY SELECT TM-615P PFIERAMMING CODES 

P a r i t y  Se lec t  Pin Number 11 

Odd par i ty*  1 

N o  p a r i t y  0 

*The use of t h e  odd p a r i t y  option is not recom- 
mended above b i t  rates of 100 k i lob i t  per  second. 

These programing codes are t o  be used a t  t h e  ex terna l  connector of t h e  module. 

I '011 = grounded pin;  "1" = open programning pin.  

The sample duration f ea tu re  allows f o r  maximum sample s e t t l i n g  t ime.  
important t o  insure  against  an overlap i n  t h e  analog sampling and d i g i t i z a t i o n  

periods within t h e  analog t o  d i g i t a l  converter .  S igni f icant  error would result i f  

t h i s  overlap w e r e  allowed t o  occur. The recomnended sample durat ion times follow: 

I t  is very 

BitsIWord Sample Width 

8 23 bits 
9 33 b i t s  

10 3% b i t s  

28 
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Programning Pins  

B4 B3 B2 B 1  
Bits/Word (p in  14) (p in  12) (p in  13) (p in  15) 

8 0 1 1 1 

9 1 0 0 0 

10 1 0 0 1 



TABLE 9. SAMPU DURATION PROGRAMMING CODES 

Programing Pins  

s3 s2 s1 

1% b i t s  0 0 1 
2% b i t s  0 1 0 

39 b i t s  0 1 1 
44 bi t s  1 0 0 

5% bi t s  1 0 1 

Sample Duration (p in  17) (p in  16) (p in  18) 

TABU 10. CODED OU'IPUT PR0GR"ING CODES 

Bi-0/NRZ Se lec t  Mark/Space Se lec t  
Coded Output (p in  3) (p in  22) 

Bi-0-M 0 0 

B i4 -S  0 1 

NRZ-M 1 0 

NRZ-S 1 1 

The TM-615P is t h e  only module t h a t  has  an output o the r  than 0 t o  +5.0 v o l t s  dc CMOS 

or l o w  power TI'L compatible. 

on p ins  9 and 10 of t he  ex terna l  connector of t h i s  module are 0 t o  +10.0 v o l t s  dc 

outputs .  

be used i n t o  less than  1000 ohms. 

The 2X b i t  clock and t h e  inverted 2X b i t  clock found 

These 2X b i t  clock outputs  are of l imited d r ive  capab i l i t y  and should not 

Formatter FM-618 

The formatter  module (Figure 11) merges d ig i t ized  da ta  with frame synchronization 
words and performs p a r a l l e l  t o  serial conversion as necessary.  The output of t h e  

formatter module is s e n t  t o  t h e  timer module. 

d i r e c t l y  under t h e  quad f i l t e r  module i f  t h e  quad f i l t e r  module, FL-619A,  is used 

i r ?  t h e  systm,. 
enable t h e  user  t o  access t h e  adjustment potentiometer on t h e  quad f i l ter  module. 
N o  ex te rna l  connector e x i s t s  on t h e  formatter module. 

The formatter must be located 

The femcztter mod~~le has a Tecess ir? t h e  side ~f t h e  &idle wall t o  
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Figure 11.-Formatter FM-618 

The Group I1 modules consist of the  following: 

AD-606 

MP-GOLL 

PD-629 

SD-624 

cM-622P Dual Counter/Accumulator 

TA-623 Time Event Monitor w i t h  Alternating 
Registers 

TB-625 Time Event Monitor wi th  Timing 
Buffers 

FL-619A Quad Fi l te r  Module w i t h  Adjustable 
Output 

Sample and Hold Amplifier and Analog 
t o  Digital Converter 

32 Channel High Level Analog Multi- 
plexer 
30 Input Parallel Digital Data Multi- 
plexer w i t h  two enables 

Serial Digital Data Multiplexer w i t . h  
eight inputs 

P/N 17006003-501 

P/N 17001004-510 

P/N 17029000-501 

P/N 17024003-501 

P/N 17022003-503 

P/N 17023000-501 

P/N 17025000-501 

P/N 17019001-515 
(1120, 280, 70, 17.5)KHz fco 

P/N 17019001-516 
(560, 140, 35, 8.8)KHz fco 
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Group I1 modules are input  mul t ip lexers  w i t h  t h e  exception of  t h e  analog t o  digital  

conver te r ,  which must be included i n  s y s t e m  us ing  analog input  channels and t h e  

quad f i l t e r  module, which con ta ins  four p r m d u l a t i o n  f i l t e r s .  

be used i n  variable combinations t o  s a t i s f y  system r e q u i r e m n t s .  

Group I1 modules can 

Figure 12.-Sample and hold ampl i f ie r  and analog to  d i g i t a l  conver te r ,  AD-606. 

AD-606 Sample and Hold Amplifier and Analog t o  Digital  Converter 

The AD-606 module (Figure 12 )  includes a sample and hold amplifier which performs 

seve ra l  func t ions .  

bus (greater than  10 megaohms). 

which minimizes error i n  ground d a t a  processing. Channel-to-channel c r o s s t a l k  is 

minimized through t h e  use  of a sampling capac i tor  which has a very l o w  d i e l e c t r i c  

absorpt ion c h a r a c t e r i s t i c .  L a s t l y ,  t h e  hold ampl i f i e r  provides  a l o w  output  

impedance t o  t h e  analog t o  d i g i t a l  conversion c i r c u i t .  

The sample ampl i f ie r  provides a high input  impedance t o  t h e  PAM 

The hold amplif ier  provides  a narrow ape r tu re  t ime 

' 

The s e t t l i n g  t ime for t h e  hold ampl i f ie r  is p r o g r m b l e  at t h e  timer module f o r  

13, 23, 3+, 4$, and 5% b i t  per iods.  This  f l e x i b i l i t y  is provided t o  ga in  maximum 
d a t a  s e t t l i n g  t i m e  and t o  insure  t h a t  t h e  hold ampl i f i e r  s e t t l i n g  per iod and t h e  

d i g i t i z a t i o n  per iod  do not overlap.  D ig i t i za t ion  t akes  p lace  during t h e  first 
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por t ion  of t he  following word per iod ,  during which t h e  data is being he ld  a t  a stable 
level. 

The analog to  d i g i t a l  converter d i g i t i z e s  each analog s i g n a l  i n t o  a ten-bit  binary 

number by method of successive approximations. 

employed by t h i s  A/D method is s u i t e d  t o  high speed conversions. 

performed at a f ixed  rate of approximately 1.6 MHz, generated by an  i n t e r n a l  clock. 

This i n t e r n a l  clock is synchronized with t h e  power supply i n v e r t e r  t o  prevent i n v e r t e r  
noise from e n t e r i n g  i n t o  t h e  data a t  t h e  l a t ch ing  of t h e  hold ampl i f ie r .  

The cu r ren t  switching technique 

D i g i t i z a t i o n  is 

The AD-606 does not have an ex te rna l  connector and the re fo re  no programning can be 

done at t h i s  module. 

s e t t l i n g  t i m e  and recomnended s e t t l i n g  t imes follow i n  t a b u l a r  form. 

Figure 13 for a graphica l  representa t ion  of t h e  A/D conversion timing.) 

Programing at t h e  t imer module con t ro l s  t h e  hold ampl i f ie r  

(Refer t o  

B i t  Clock ' Word Clock 

Figure 13.-AD-606 timing diagram 

In Figure 13, above, t h e  two func t ions  t h a t  t ake  p lace  i n  t i m e  period A are: 

channel N data multiplexer s e t t l i n g  and d i g i t i z a t i o n  of channel ( N  - 1) data .  

period A is a f ixed  duration of 5.0 microseconds. 
switch noise s e t t l i n g  time. 

(Figure 14)  completes t h e  c i r c u i t  t o  t h e  hold ampl i f ie r .  

less than one microsecond. 

B is re s idua l  of t h e  word time minus t ime periods A ,  C ,  and D. 

allows f o r  channel N d a t a  t o  settle i n  t h e  hold ampl i f ie r .  

programnable duration. 

Time period D is used t o  a l l o w  switch noise  s e t t l i n g  time. 

t h i s  per iod ,  t h e  analog switch breaks t h e  c i r c u i t  t o  t h e  hold amplifier and t h e  hold 

Time 

Time period B is used to  allow 

A t  t h e  lead ing  edge of t h i s  per iod ,  t h e  analog switch 

Time period B must be no 

Time period A and D are cons tan t ,  t he re fo re ,  time period 

Time period C 

This  time period is of 

See TM-615 t imer  module section f o r  programing ins t ruc t ions .  
A t  t h e  leading edge of' 
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amplifier is then latched on channel N data. 
half bit period. 

Time period D is a fixed length of one 

I AD-606 Specifications 

A n a l o g  S i g n a l  
f r o m  PAM B u s  

I Accuracy.-The accuracy of the analog to digital conversion process is 53 of the LSB. 

Conversion Method. -The conversion process is by method of successive approximations. 1 

1 

Number of Bits.-Ten. I 

A n a l o g  
o u t p u t  t o  

A D  
C o n v e r t e r  

1 Ideal Bit Weight.-Ideal bit weight (IBW) equals full scale input (+5.0 volts)/1000 
equals 5 millivolts/bit. 

A n a l o g  Switch 
- - - - 

c 

Hold C a p a c i t o r  

I n p u t  A m p l i f i e r  

Figure 14.-Typical sample and hold amplifier circuit 

Hold  A m p l i f i e r  

Coding.-The coding of the A/D module is offset binary as follows: 

Input Binary Output Decimal Equivalent 

+5 volts full scale 1111110100 
+O volt zero scale 0000001100 
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Sample Se t t l i ng  Time.-This parameter is programnable at  t h e  ex te rna l  connector of t h e  

timer module, TM-615P. The selectable sample periods are 13, 24, 3&, 4% and 53 b i t  

periods. The reccmnended sample s e t t l i n g  times are a s  follows: 

B i t s  /Word S m l e  Width 

8 

9 

10 

2% b i t s  

33 b i t s  

4& b i t s  

Elaboration of A/D Conversion Timing.-As an example system, let t h e  following da ta  

descr ibe t h e  system of i n t e r e s t :  

Word Length: 8 bits/word B i t  Rate: 800 Kbit /sec 

1 b i t  period = 1.25 microseconds 
1 word period = 10 microseconds 

By r e fe r r ing  to  Figure 13: 

Period A = 5.0 microseconds 

Period B = 1.0 microsecond 

Period C = 2.5 x 1.25 microseconds = 3.125 microseconds 
(2.5 b i t  periods = sample width se lec ted ,  1.25 microseconds = 
1 b i t  period) 

Period D = 0.625 microsecond (3  b i t  per iod)  

Adding A + B + C + D = 9.75 microseconds. 

26 bi ts ,  t h e  c ruc ia l  periods within t h e  sample and hold and A/D processes do not 

overlap. 

second a s  a cushion i n  t h i s  worst case example. 

By se l ec t ing  a sample duration t i m e  of 

The word period being 10 microseconds i n  length is left  with 0.25 micro- 

MP-GOLL 32-Channel High Level Analog Multiplexer 

The addressing capab i l i t y  of t h e  MP-GOLL (Figure 15) allows for a maximum of e igh t  
analog modules i n  a s ing le  system. 

system maxjmum. 
The number and selection of ac t ive  analog channels are determined by t h e  program 

entered i n t o  the E P F O M .  Programning p ins  18, 19 and 36 located on t h i s  modules' 

ex te rna l  connector are used to  g ive  each analog module a unique address. 

Table 11 for a de t a i l ed  address programing.)  

This  provides 256 analog input channels per 

However, t h e  EPEUXI size allows f o r  o n l y  240 input channels maxhum. 

(See 
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Programning is accomplished by grounding appropriate  p i n s  or by means of a l o g i c  

in t e r f ace .  A positive l o g i c  system is used and an ungrounded p in  w i l l  be i n t e r -  

p re ted  as a l o g i c  "1". Programing p i n s  are pul led  up t o  +10.0 v o l t s  through 10 
kilohm resistors. 

Input voltage range is 0.0 t o  +5.0 volts dc (Figure 16). 

mult iplexer  can withstand overvoltages of 235 v o l t s  dc on every analog input  

channel. 

However, each analog 

(Over 20 overvoltaged channels per mult iplexer  are not r e c m n d e d . )  

The word length s e l e c t i o n s  are 8, 9 or 10 b i t s  of reso lu t ion .  

t h e  r e so lu t ion  is one par t  i n  1000.) 

module. 

t h i s  report. 
10-bit  d i g i t i z e d  word f r m  t h e  analog-to-digital converter  t o  meet t h e  required 

word length.  

(For 10 b i t  words, 
The word length is programnable at  t h e  timer 

For word length programning in s t ruc t ions ,  r e f e r  t o  t h e  TM-615P section of 
Systems with word lengths  less than 10 b i t s  t runca te  t h e  LSB's of t h e  

All words i n  t h e  system w i l l  be t h e  same length.  

Figure 15.-MP-60lL 32-channel high l e v e l  analog mult iplexer  
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TABLE 11. M P - G O L  ANALQG hEJLTIPLEXER CHANNEL PR(XXAhIMING 

Channel 
No.  

0 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Pin 
N o .  

20 

1 

2 

2 1  

3 

22 

4 

23 

24 

5 

6 

25 

7 

26 

8 

27 

28 

9 

10 

29 

11 

30 

12 

31 

32 

13 

14 

33 

15 
34 

16 

35 

- A7 

M 

M 

M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
hl 

M 
M 
hl 

M 
M 
M 
M 
M 
M 
M 
M 

\I 

M 
M 
h! 

M 
hl 

- A 6  

M 

M 

M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
hl 

M 
M 
M 
M 
M 
M 
M 
M 
M 
hl 
M 
hl 

M 
M 
M 
M 
M 
M 
hl 

- A 5  

M 

M 

M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
PII 
M 
M 

M 
M 
M 
h4 

M 
M 

M 
M 
M 
M 

M 

M 
M 
nl 

M 

- 

36 

A4 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

1 
1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 
1 

1 

1 

1 

- A 3  

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 
0 
0 
0 

0 

1 
1 
1 

1 

1 
1 
1 

1 

- A2 

0 

0 

0 

0 

1 

1 

1 
1 

0 

0 

0 

0 

1 

1 

1 

1 
0 

0 

0 

0 

1 
1 

1 

1 
0 

0 

0 

0 

1 

1 
1 

1 

- A I  
0 

0 

1 
1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 
1 

0 

0 

1 

1 
0 

0 

1 
1 
0 

0 

1 
1 

- A0 

0 

1 

0 

1 
0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 
0 

1 

0 

1 

0 

1 

0 

1 

0 

1 
0 

1 

0 

1 
0 

1 

- 



Table 11. (continued) 

Address l i n e s  A 5  - A 7  are used to  select s p e c i f i c  MP-GOLL modules. 
Address l i n e s  A 4  - A 0  are used to select s p e c i f i c  channels within 
an analog multiplexer.  These programing codes are t o  be used i n  
t h e  EPROM program. 

Analog I n p u t  

Y 
2 Kohm To PAM B u s  

0 
+15  V o l t s  

C o n t r o l  0 

+5 V o l t s  

0 

Figure 16.-Typical analog input  c i r c u i t  

The accuracy of t h e  analog system is a function of t h e  source impedance, t h e  number 

of analog modules i n  t h e  system, t h e  s y s t e m b i t  rate and t h e  number of b i t s  per mrd. 

I t  is the re fo re  recomnended t o  use source impedances of less than 100 ohms t o  main- 

t a i n  accuracy comnensurate with t h e  resolut ion provided by t h e  number of b i t s  per  

word. 

t yp ica l  system t o  i l l u s t r a t e  t h e  e f f e c t s  of source impedance, t h e  number of modules 

per system, t h e  system b i t  rate, and t h e  number of b i t s  per word. 

t a l k  srror is d i r e c t l y  proport ional  t o  source hpedances ,  the n m k e r  ~f malog 

modules i n  t h e  system, and t h e  b i t  rate. 
t i o n a l  to  t h e  number of b i t s  per word. 

t h e  PAM bus caused by undesirable  capacitance. 

A set of curves follows with conditions exaggerated beyond those found i n  a 

The system cross- 

The c ross t a lk  error is inversely propor- 

The error is due t o  t h e  t ime constant  of 
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MP-GOlL Spec i f ica t ions  

Input Voltage.-The input vol tage range is 0.0 to  +5.0 v o l t s  dc. 

can tolerate k35 v o l t s  dc on a l l  analog inputs  without causing permanent damage t o  
t h e  module. 

voltaged simultaneously. ) 

The analog modules 

( I t  is r e c m n d e d  no more than 20 inputs  per multiplexer be over- 

Coding .4f fse t  binary coding is used. 

coding used. 

See t h e  AD-606 sec t ion  f o r  d e f i n i t i o n  of 

Word Length.-Word lengths  of 8, 9 or 10 b i t s  are selectable at  t h e  timer module 

ex terna l  connector. A l l  words within one system are of equal length.  

Input Impedance.-The input impedance w i l l  be 10 megaohm w i t h  t h e  power  on and one 

megaohm with the  power o f f .  

Svitch Type.-The switch type used is bDS-FFT. 

Backcurrent.-The maximum backcurrent w i l l  be 500 nA during sampling and non- 
sampling periods. 

Channel-toxhannel Offset.-k5.0 m i l l i v o l t s  maximum. 

Crosstalk.-For t h e  w o r s t  case due t o  system parameters and configurat ion is 0.35 

percent of f u l l  s c a l e  maximum. A t yp ica l  system w i l l  have less than 0.1 percent 

of f u l l  scale maximum c ross t a lk  error. 

t h e  percent e r ro r .  ) 

(Refer t o  Figures 17 through 19 t o  determine 

PD-629 30-Input P a r a l l e l  D i g i t a l  Data Multiplexer 

Each PD-629 module (Figure 20) accepts  t h ree  p a r a l l e l  d i g i t a l  words of up t o  t e n  b i t s  

each. 

p a r a l l e l  d i g i t a l  capab i l i t y  of 48 channels (480 b i t s ) .  

p a r a l l e l  d i g i t a l  channels is determined by t h e  program i n  t h e  EPROM. 
addresses are assigned by programning p ins  on t h e  ex terna l  connector. 

ming is accomplished by grounding appropriate  p ins  or by using a log ic  i n t e r f a c e  

t o  determine the state of t h e  programning pins .  

An ungrounded programning pin w i l l  be in t e rp re t ed  as a log ic  "1". 

are pul led up t o  +10.0 v o l t s  through 30 kilohm r e s i s t o r s .  

Sixteen PD-629 modules can be included i n  a s i n g l e  system giving a t o t a l  
The number of a c t i v e  

The module 

The program- 

A pos i t i ve  l o g i c  sys tem is used. 

Programning p ins  

Two of t h e  input channels have an enable pulse  associated with them. 

pulses  PDWO and PDWl are used t o  s igna l  ex terna l  c i r c u i t s  t h a t  p a r a l l e l  da t a  is 

The enable 
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Figure 20.-PD-629 30-Input p a r a l l e l  d i g i t a l  da t a  mul t ip lexer  

acceptable  at t h a t  t ime. 

f e r ;  however, d a t a  may be en tered  independent of  t h e  enable  pulses .  

for a t iming diagram of t h e  enable  pulses .  

This  f e a t u r e  allows for synchronous p a r a l l e l  d a t a  t r ans -  

See Figure 2 1  

All b i t s  of  a given p a r a l l e l  word are s t robed  i n  simultaneously assur ing  t ime 

c o r r e l a t i o n .  

which have only t w o  states; i .e. ,  on or o f f ,  yes  o r  no. Up t o  t e n  monitors can be 

incorporated i n t o  one data channel us ing  t h i s  technique. 

module is a l s o  use fu l  i n  providing a computer i n t e r f a c e .  

The p a r a l l e l  d i g i t a l  module is use fu l  i n  monitoring any condi t ions  

The p a r a l l e l  d i g i t a l  

For % b i t  systems, p a r a l l e l  input  b i t s  8 and 9 are t runca ted .  For 9-bi t  systems, 

p a r a l l e l  input b i t  9 is t runca ted .  P a r a l l e l  input  b i t  0 is t h e  f i r s t  b i t  t r ans -  

mi t ted  (FEF) and p a r a l l e l  input  b i t  9 is t h e  last b i t  t ransmi t ted  (LBT). 
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(The t iming diagram, below, depic t s  t h e  worst case condi t ions of an 
8-bit w r d  and 800 k i l o b i t  per second. 
present on t h e  two enable l ines .  
t h e  enables  be used i n  conjunction w i t h  t h e  word clock and t o  
t r i g g e r  i n t e r f ace  c i r c u i t r y  with t h e  t r a i l i n g  edge of t h e  gated 
enable. 
data set-up t ime increases.  ) 

Decoding sp ikes  may be 
Therefore, it is recomnended t h a t  

With increasing word lengths  and decreasing b i t  rates, t h e  

--e- k-3 1 .25  m i c r o s e c o n d s  

B i t  C l o c k  

17 i l  Word C l o c k  

-4 k- a p p r o x .  250 n s  

PD-629 
ENABLE 

S t a b l e  Data 
Requ i red  Here - 

I n p u t  
Data 

b-- 5 m i c r o s e c o n d s  
Data S e t u p  T i m e  
4 

Figure 21.-PD-629 timing diagram 

PD4329 Specif icat ions 

Input Voltage.-Input vol tage a t  -35.0 t o  +2.0 volts dc is recognized as a log ic  "0" 

and +3.0 to  +35 v o l t s  dc is recognized a s  a logic  "1". 

recognized as a log ic  "0". 

t o  t h e  &le. 

An open c i r c u i t  w i l l  be 

Voltages outs ide  t h i s  range w i l l  cause permanent damage 

Input Impedance.-The input impedance t o  t h e  PD-629 module w i l l  be 10 kilohms 

minimum. 

Enabl-e Outputs -The enzble ~ u t p u t s  zre f;.ax RCA 4050 ' s . 
The above spec i f i ca t ions  are boundary conditions and in t e r f ace  c i r c u i t s  should not 
be designed at t h e  above limits but ,  rather, designed w e l l  within t h e  above 

tolerances f o r  reliable operat,ion of t h e  system. 
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The i n t e r f a c e  circuit  t h a t  is recomnended when t h e  p a r a l l e l  enable pulses  are used 

is depicted i n  Figure 22. This c i r c u i t  w i l l  suppress any spurious vol tage spikes .  

P a r a  l l e  1 
E n a b l e  
P u l s e  

Word 
C l o c k  

CD-4013 

G a t e d  
E n a b l e  
P u l s e  

Figure 22.-Parallel  enable i n t e r f a c e  c i r c u i t  

TABLF: 12. pD-629 CHANNEL PRCXWING CODES 

Channel Pin 
No. Nos. A7 A 6  A5 A4 A 3  A2 A 1  A0 

0 M M M M 0 0 
2,22,5,25,8 

28,11,31,14,34 

0 M M M M 0 1 
1 20,3,23,6,26, 

9,29,12,32,15 

0 M M M M 1 0 2 1,21,4,24,7,  0 
27,10,30,13,33 

These programing codes are to  be used i n  t h e  EPROM program. 
A7 is t h e  MSB and A0 is t h e  LSB. A 7  and A6 must always be 
programned with a zero when accessing t h e  p a r a l l e l  d i g i t a l  
data mult iplexers .  A 5  through A2 are used t o  address a 
specific pD-629 module. A1 and A0 are used t o  select a 
spec i f i c  channel within t h e  des i red  channel within t h a t  
&le. 
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ORKYWAL PAGE rs 
OF POOR QUALJ'TY 

SD-624 S e r i a l  D ig i t a l  Data Multiplexer 

.#* t 

a 

The SD-624 module (Figure 23) accepts  e ight  serial d i g i t a l  input  channels.  

fou r  SD-624 modules can be used i n  a s ing le  system. This gives  a maximum of 32 

serial d i g i t a l  da t a  channels per  system. 

l oca t ion  within t h e  output  f o m t ,  t h e  r a t e  of channel sampling and t h e  number of 
a c t i v e  channels are a l l  under E P F O M  program con t ro l .  

a unique module address.  

programning p ins  i n  t h e  modules ex te rna l  connector. 

i n t e r p r e t e d  as a l o g i c  "1". 
pul led  up t o  +10.0 and +5.0 v o l t s ,  respec t ive ly ,  through 20 kilohm r e s i s t o r s .  

For programning codes, see Table 13. 

Up t o  

The dura t ion  of each channel sample, t h e  

Each SD-624 must be assigned 

The module addresses are assigned by grounding appropr ia te  

An open programning pin is 
The m d u l e  address and word length  programning p ins  are 

Figure 23 .-SD-624 s e r i a l  d i g i t a l  da t a  mult iplexer  
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TABLE 13. SD-624 SERIAL, DIGITAL, DATA MULTIPLEXER CHANNEL PlW3MvlMING 

Input Pin 
Channel N o .  A 7  A6 A 5  A4 A 3  A2 A 1  A 0  

0 27 0 0 M M X 0 0 0 

1 8 0 0 M M X 0 0 1 
2 26 0 0 M M X 0 1 0 

3 7 0 0 M M X 0 1 1 

4 1 0 0 M M X 1 0 0 

5 20 0 0 M M X 1 0 1 
6 2 0 0 M M X 1 1 0 

7 21 0 0 M M X 1 1 1 

I 
These programing codes are for use  i n  t h e  EPROM program. 
The "M" denotes address l i n e s  reserved f o r  module address 
programing and t h e  "X" denotes a don ' t  care condi t ion.  
Address l i n e s  A7 and A 6  must be programned with zero when 
addressing any SD-624 module. 
A0 represents  t h e  LSB. 

A7 represents  t h e  MSB and 

The SD-624 is capable of sampling t h e  same input  channel i n  consecutive contiguous 

words of t h e  FCM output format t o  a c c m d a t e  serial digital  words of length greater 

than 10 b i t s .  There is no l i m i t  t o  t h e  number of consecutive words t h a t  can be 

taken of a single serial input channel. 

i n t ege r  times t h e  number of b i t s  per word. The word length must be programned at 
t h e  ex terna l  connector of t h i s  module i f  it is less than 10 b i t s  per word. 

p r o g r m i n g  codes, see Table 14. 

The r e su l t an t  word length w i l l  be an 

For 

Associated with each serial d i g i t a l  input  are t h r e e  handshaking s i g n a l s  t o  a i d  i n  

data t r ans fe r .  

c lock,  an enable pulse and an inver ted  load pulse .  

uscd d i r e c t l y  with many c m n  CMOS or l o w  p o w e r  Tm, p a r a l l e l  load serial output 

s h i r t  r eg i s t e r s .  Upon receiving the> inverted load pulse ,  t h e  MSB must appear at 
t h e  output of t h e  s h i f t  register. The gated clock can then be used d i r e c t l y  t o  

s h i f t  ou t  t h e  remaining b i t s .  

pos i t i ve  going leading edge of t h e  gated clock s t a r t i n g  with t h e  f i r s t  b i t  of t h e  

gated clock. For t iming information of these  handshaking s i g n a l s ,  see Figure 24. 

These s i g n a l s  are 0 t o  +5.0 v o l t  dc s i g n a l s  and include a gated 

The inver ted  load pulse  can be 

Thc serial input  da t a  must be clocked with t h e  
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ORIGPNAL PAGE IS 
OF po8R QUALtn 

WORD 
SYNC. 

ENABLE 1 

GATED 
CLOCK 1 

LOAD 1 

SERIAL 
DATA 
INPUT 1 

T1 , T 7  
T 2  

T 3  

T 4  

T5 
T 6  

T8 

- .  I 

BIT 4 BIT 5 BIT 6 

SYMBOL TYP (NS.) 

- 

BIT 
SYNC 

WORD 
SYNC. 

GATED 
CLOCK 1 

l / B I T  RATE 
70 

185 
30 

0.83-Ti 
0.45.Tl 

1.5-Ti 

8 BITS/ W9RD 
SINGLE SERIAL DATA WORD 

ENABLE 

LOAD 1 

SERIAL 
DATA 
INPLlT 

I 7 '  ,I1 

8 BITSIWORD 
2 CONTIGUOUS DATA WORDS 

Figure 24.-SD-624 t iming diagram 
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TAJ3U 14. SD-624 WORD LENGTH P F K I G W I N G  

Program A Program B 
Word Length Pin 9 P in  11 

8 b i t s  

9 b i t s  

10 b i t s  

0 

1 
0 

1 
0 

0 

These programning codes are to  be used at  t h e  ex terna l  
connector of t h i s  module. A "0" represents  a grounded 
programning pin and a "1" represents  am open programning 
pin.  The word length program must be t h e  same as t h e  
mrd length programed on t h e  TM-615P, t imer module. 
This program does not  necessar i ly  have t o  match t h e  number 
of b i t s  i n  t h e  actual da t a  word, which may be less than 
t h e  word length of t h e  PCM system. 

Figure 25.-Typical input c i r c u i t  t o  t h e  SD-624 
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TBLE 15. SD-624 OUTPUTS 

Description P in  Numbers Output Device 

15,33,14 

22,3 

RCA HC240 Enable Pulses  36,35,17,16,34, 

Gated Clocks 25,6,24,5,23,4 

Inverted Load 
Pulses  

RCA HC240 

31,13,30,12,37 RCA HC244 18,32,19 

A l l  ou tputs  frm t h e  SD-624 are CMOS or low-power TIZ 
compatible. 
nominal. 

The outputs  are 0 t o  +5.0 volt dc s i g n a l s  

~~ 

cM-622P Dual Counter/Accumulator 

The CM-622P module (Figure 26) counts pulses.  

c o u n t e r / a c c m l a t o r s .  

of 38 indiv idua l  counter inputs .  

by the  program entered i n  EPFUIM. 

address. 

Open programning p ins  w i l l  be in t e rp re t ed  as a l o g i c  "1". 

p i n s  are pu l l ed  up t o  +10 v o l t s  through 20 kilohm resistors. 

see Table 16. 

The counter module may be operated i n  one of t w o  counter modes--dual counter ( t w o  
separa te  inpu t s )  and s i n g l e  counter mode (one counter i npu t ) .  

mode each counter w i l l  output an 8, 9 or 10 b i t  m r d  and i n  t he  s i n g l e  counter mode, 

t h e  counter module w i l l  output a 16, 18 or 20 b i t  count. 

Each CM-622P conta ins  t w o  10-bit 

Nineteen counter modules may be used per system f o r  a maximum 
The ac tua l  number of active channels is determined 

Each counter module must be assigned a unique 

This  is done by grounding appropriate p i n s  found i n  t h e  ex te rna l  connector. 

Module address programing 

For programing codes, 

I n  t h e  dual counter 

When using t h e  s i n g l e  

counter mode, d a t a  should be entered i n t o  counter 0 input and counter 1 should be 

p r o g r m d  i n  t h e  EPEEOM t o  read out  before counter 0. 

counter 1 input and reset l i n e s  have no e f f ec t .  

system word length is g r e a t e r  than 8 b i t s ' p e r  m r d ,  then  t h e  m r d  length must be 

p r o g r m d  at t h e  ex te rna l  connector of t h p  counter mod111 e .  
is accomplished by grounding appropriate pins a t  t h e  ex te rna l  connector. 

17 f o r  p r o g r m i n g  codes. 

Yord length programning p ins  are pul led  up t o  t10 volts t'nrough 50 kiiohm resistors. 

In  t h e  s i n g l e  counter mode, 

Counter 1 conta ins  t h e  MSB. If t he  

Word 1 m g t h  programing 

See Table 

An open programing p in  is in t e rp re t ed  as  a l o g i c  "1". 
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TABU 16. 

Figure 26 . -CM-622P  dual counter/accumulator 

CM-622 COUNTER/ACCUMULATOR ADDRESS P F D G W I N G  CODES 

Pin 
Channel No. A 7  A 6  A 5  A 4  A 3  A 2  A 1  A 0  

0 4 0 0 M M M M M 0 

1 5 0 0 M M M M M 1 

These programning codes are to be used in the E P R O M  program. 
A 7  is the MSB and A 0  is the LSB. 
module, A 7  and A 6  must be progrmd with a zero. 
A 1  are used to select a specific counter module. 
to select a channel within the counter module. 

When addressing any counter 
A 5  through 

A 0  is used 



TABLE 17. CM422P WORD LENGTH P E F U M M I N G  CODES 

Program A Program B 
Word Length P in  6 Pin 11 

8 b i t s  

9 b i t s  

10 b i t s  

1 

0 

0 

1 
1 
0 

The word length programing codes are to  be used 
for programing t h e  p i n s  on t h e  ex te rna l  connec- 
tor of t h e  module. A zero represents  a grounded 
programning p in  and a "1" represents  an open pin.  
The word length program must be t h e  same as t h e  
word length programed on t h e  TM415P t imer  module. 
This  program does n o t  necessar i ly  have t o  match 
t h e  number of b i t s  i n  t h e  actual data word, which 
may be less than t h e  word length of t h e  FCM 
system. 

When t h e  word length decreases from 10 b i t s  per word, t h e  MSB's are truncated from 

t h e  counters  t o  comply with t h e  se l ec t ed  system word length.  

There are t h r e e  reset modes t h a t  t h e  counter module can be operated in :  

(1) Automatic Clear -- The counter is automatical ly  reset to  zero 
a f t e r  each time its contents  are read out. 

(2)  External  Clear  -- The counter cont inues t o  totalize u n t i l  an 
ex terna l  reset pulse  is appl ied.  

( 3 )  Overflow -- The counter  continues t o  totalize u n t i l  it 
clears i t s e l f  by overflowing upon reaching 
t h e  maximum count. 

Each counter may be operated independently in  reset modes. 

see Table 18. 

The i n t e r v a l  a t  which t h e  conten ts  of t h e  counters are t r ans fe r r ed  i n t o  t h e  FCM 

9!~?tp~t f o m t  5s mder EPROM cont ro l .  

for a shor t  period of time to  prevent it from changing state during t r a n s f e r  of its 
contents  i n t o  t h e  FCM output format. 
readout. For t iming information, see Figure 27. 

For more information, 

Aiiy individual counter  channel is inni i i i ted 

Th i s  dead per iod prevents  an erroneous count 
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TABLE 18. CM-622P RESE3" MODE PEILX;RAMMING CODES 

5 Kohms 

Counter 0 Input Counter 1 Input 
P in  7 Pin 12 P in  15 Mode 

Jump to  p in  9 Jump t o  p in  10 1 Automatic 

External  Pulse  External Pulse 0 Ekternal 

External  Pulse External Pulse 1 External 

0 0 0 Overflow 
1 1 1 Overflow 

Positive Positive 

Negative Negative 

These programning codes are t o  be used at  the  ex terna l  
connector of the  counter modules. Pin 16, not shown, 
is used t o  select s i n g l e  or dual counter operation. 
Grounding p in  16 w i l l  select s ing le  counter operat ion 
(one counter input )  and leaving p i n  16 open w i l l  select 
dual counter operat ion ( two counter i npu t s  per module). 
I n  s i n g l e  counter mode, data is input  t o  counter 0 
(p in  4) .  
the  EPROM program to  read out  before counter 0. 
counter mode, counter 1 input  and reset l i n e s  have no 
effect. 
or negative external reset pulse. The negat ive reset 
pulse should be 0.0 volts nominal during reset condi t ions 
and +5.0 v o l t s  during totalize condi t ions.  
spec i f i ca t ions  for more information concerning the  ex terna l  
reset pulses .  
match t o  select the  overflow mode. 

Counter 1 con ta ins  t h e  MSB and is progranmd i n  
In s i n g l e  

Pin 15, shown above, selects between a p o s i t i v e  

See the  

The program at pins  7, 12 and 15 should 

Figure 28.-Typical counter input c i r c u i t  
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CM-622P Spec i f i ca t ions  

Counter Input Voltage.-0 t o  +5.0 v o l t s  nominal. 

0 t o  +5.0 volt pulse ,  t h e  minimum pulse  width recognizable is 500 nanoseconds. 

a pulse  input of less than 0 t o  +5.0 v o l t s ,  t h e  minimum pulse  durat ion is 1000 nano- 

seconds ( typ ica l  CMOS or l o w  power ?TL is less than 0 t o  +5.0 volts). 
ou ts ide  t h e  range -0.5 t o  +5.5 v o l t s  dc w i l l  cause permanent damage to  t h e  module. 

CIOS or Tl'L, compatible. For a f u l l  

For 

Voltages 

Pulse  P a i r  Resolution.-1 Hz up t o  1 MHz nominal. 

amplitudes given above. 

A l s o  dependent upon input  vol tage 

External Reset Input Voltage.-The p o s i t i v e  ex terna l  reset input  must be a 0 t o  +5.0 

v o l t  pulse  nominal. 

and t h e  pulse  duration must be one microsecond minimum. 

reset pulse  should be 0.0 v o l t  t o  reset t h e  counter and +5.0 v o l t s  during t h e  

totalize period. 

The in t e r f ace  must opera te  i n t o  a 10 kilohm input  impedance 

The negative ex te rna l  

The above spec i f i ca t ions  are boundary condi t ions and r e l i a b l e  i n t e r f a c e  design w i l l  

f a l l  w e l l  within these  limits. 

TABLE 19. CM-622P INPUTS 

Description Pin Number(s) Input t o  I C  Type 

Program A 1  - A 5  3,17,18,13,14 RCA 4063 & 4030 

Counter 0,  1 Inputs  495 RCA 40109 

Word Length 
Program A & B 6 , 1 1  RCA 4049 

Counter 0 ,  1 
Reset Inputs  7,12 RCA 40109 

Compliment Reset 15 RCA 4030 

Counter Mode Control 16 RCA 4019 

TABLE 20. CM-622P OUTPUTS 

Description Pin N u m b e r ( s )  Output from I C  Type 

Counter 0,  1 In terna l  
Reset Output 9 , l O  RCA 4049 
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TA-623 Time Event Monitor with Al te rna t ing  Reg i s t e r s  

The func t ion  of t h e  t ime event module (Figure 29) is to  allow t h e  user t o  determine 

t h e  elapsed t ime between t h e  occurrence of two events  (pu l ses ) .  

by determining the  pos i t i on  i n  t h e  major frame at which t h e  u s e r ' s  pu lses  occur.  

There is a binary counter  accumulator i n  the  module which is reset t o  zero at  t h e  

beginning of t h e  major frame. 

binary count is incremented by one at  t h e  beginning of each word. 
output  of t h e  counter  is la tched  i n t o  a s torage  r e g i s t e r  by t h e  leading edge of each 

input  pulse .  

required i n  t h e  format. The readout is nondestructive.  However, s i n c e  a new word 

number is stored i n  the  la tched  r e g i s t e r  by each input  pu lse ,  data w i l l  be lost  if 
t h e  r e g i s t e r  is not read out between input  pulses .  

This is accomplished 

The input  t o  t h i s  counter  is t h e  word clock. The 

The p a r a l l e l  

The conten ts  of t h e  l a t ched  r e g i s t e r  can be read out  as o f t e n  as 

Figure 29.-TA-623 t i m e  eventmonitor w i t h  a l t e r n a t i n g  r e g i s t e r s  
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Obviously, t h e  reso lu t ion  t o  which t h e  elapsed time between t w o  input  pu lses  can 
be determined is two word periods. 
way t o  determine if a new pulse  h a s  occurred is t o  monitor t h e  word number which 

is read out each t i m e  f o r  a change. 

occurred. 
pulse, t h e  lat ter w i l l  not be detected s i n c e  t h e  new word count stored i n  t h e  l a t c h  

w i l l  be t h e  same as t h e  old value. 

Also, t h e  following ambiguity e x i s t s .  The only 

When it changes, a new pu l se  input  has  
Should a new pulse input  occur i n  t h e  same word per iod as t h e  previous 

CARErmL CONSIDERATION MUST BE EXERCISED I N  THE 
SELMTTION OF SYSTEM P-RS SUCH AS BIT RATE, 

WORD SIZE,  NUMBEX OF WORDS I N  THE MAJOR FRAME, 
RATE, AND INPUT PULSE LENGTH To OBTAIN 

USEFUL DATA FROM A TIME EVENT MODULE. 

The b i t  rate and word size con t ro l  t h e  maximum elapsed t i m e  r e so lu t ion  obtainable .  

Increasing the  number of w o r d s  i n  t h e  major frame diminishes t h e  p robab i l i t y  t h a t  

t h e  ambiguity w i l l  occur. 

not be correct. 

I f  t h e  readout rate is inadequate, t h e  output  data w i l l  

For c e r t a i n  t y p e s  of data, as depicted i n  Figure 30, t h e  required readout rate may 

be reduced s ign i f i can t ly  by s t o r i n g  t h e  word numbers i n  which a l t e r n a t e  pu l ses  

occur i n  a l t e r n a t e  r e g i s t e r s .  

is t h e  reason t h a t  t h e  TA-623 has  t w o  d i f f e r e n t  types  of t i m e  event monitors with 

t w o  s epa ra t e  inputs.  

f ace  connector p in  no. 1, and t h e  word numbers a t  t h e  time of occurrence of 

a l t e r n a t e  pulses  on t h a t  input are stored i n  a l t e r n a t e  registers numbers 2 and 3. 

For asynchronous pulse  inputs ,  t h e  r e g i s t e r  i n  which t h e  f i r s t  pu lse  is stored is 

indeterminate. This  complicates, but  does not i n h i b i t ,  d a t a  reduction. 

The r e g i s t e r s  are then read out independently--this 

The input  associated with t h e  a l t e r n a t i n g  registers is in t e r -  

The input  associated with i n t e r f a c e  connector p i n  no. 6 is t h e  normal type  of 
t i m e  event m o n i t o r  described i n i t i a l l y .  I t  has  only one storage r e g i s t e r  no. 1 

i n  which t h e  word number at t h e  time of t h e  event input pu lse  is latched.  

T y p, i c a 1 i Data  I n p u t  

Figure 30.-TA-623 a l t e r n a t i n g  register appl ica t ion  



The design of t h e  a l t e r n a t i n g  registers is s u i t e d  t o  t h e  d a t a  input i n  Figure 30. 

When pulse  pairs occur on t h e  data input  and then are followed by a comparatively 

long delay before  another pu lse  pair occurs, t h e  a l t e r n a t i n g  r e g i s t e r s  can be used 

advantageously. 

a l t e r n a t e l y .  

registers w i l l  no longer be of advantage. 

ind ica ted  i n  Figure 30 t o  u t i l i z e  t h e  advantage of t h e  a l t e r n a t i n g  r e g i s t e r s .  

For t h e  non-alternating inpu t ,  t h e  time event channel must be programed to  be 

sampled at a rate greater than t h e  h ighes t  pu lse  p a i r  reso lu t ion  of t h e  ac tua l  da ta .  

The a l t e r n a t i n g  r e g i s t e r s  can be used a s  i n  t h e  previous example t o  read out t h a t  

p a r t i c u l a r  channel at a lower rate. I n  t h i s  way, more of t h e  output format is 
reserved f o r  o t h e r  d a t a  channels. 

The binary counter accumulator, which counts t h e  word number i n  t h e  major frame, 

is 12 b i t s  long; t he re fo re ,  it can a c c m d a t e  a major frame length of 4095 words. 

When t h e  number of words i n  t h e  major frame exceeds t h e  maximum binary value of t h e  

system w r d ,  t h e  word number d a t a  stored i n  t h e  12-bit storage r e g i s t e r  must be 

read ou t  i n  two contiguous system mrds. 

When a two-mrd readout is necessary, t h e  most s i g n i f i c a n t  b i t s  are loca ted  i n  t h e  

second word with scme duplication. For a de ta i l ed  descr ip t ion  of t h e  readout con- 

f igu ra t ion  and technique, see Tables 26 and 27 i n  t h e  TB-625 sec t ion .  

The conten ts  of t h e  storage r e g i s t e r s  are multiplexed and en tered  i n t o  t h e  PCM out- 

put format under EPROM program con t ro l .  
Important information concerning t h e  input and output time domains are given i n  

Figure 31. 

In  Figure 31, an important p o i n t  t o  note  i n  t h e  system timing is t h e  o f f s e t  t h a t  

e x i s t s  between t h e  i n t e r n a l  system domain and t h e  PCM output domain. 

domains are skewed by two word periods. 

is reset t o  zero at t h e  leading edge of t h e  major frame pulse.  

The event pu lse  shown w i l l  load number 6 i n t o  t h e  storage r e g i s t e r  within t h e  time 
event monitor  modules. 

put format. 

t h e  h ighes t  frequency component i n  t h e  actual data. 

The time event information is s to red  i n  two storage r e g i s t e r s  

For pulse  groups of more than two pulses  pe r  group, t h e  a l t e r n a t i n g  

The output d a t a  must be p red ic t ab le  as  

The word number is read out LSB f i r s t .  

Only one TA-623 is permitted per system. 

The t w o  
Further,  t h e  word per major frame counter 

The t i m e  event channel may be read out anywhere i n  t h e  out- 

The sampling rate of t h e  t ime event chmne1 shsuld ?E g r e a t e r  than 
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Word n n n n n C l o c k  

word 
N-1 

Major Frame 
I S y n c .  

word o u t p u t  
N FS1 SFID D o m a  i n  

Minor  F r a m e  
S y n c .  

I n t e r n a l  

V a l u e  
1 0 1  1 1  2 1  3 1  4 1  5 1  6 1  7 1  8 1  C o u n t e r  

E v e n t  
3 1 P u l s e  I n p u t  

Figure 31.-Time event t iming diagram 

Since event pulses are asynchronous with t h e  FCM t iming, t h e  word count is latched 

i n t o  each register by t h e  first b i t  c lock pulse  t h a t  occurs imnediately a f t e r  t h e  

appropriate  event pulse.  

within t h e  module. 

format at t h e  coincidence of t h e  assigned address and t h e  i n t e r n a l l y  generated 

"Load Comnand" pulse.  

storage and the t r a i l i n g  edge has  no e f f e c t .  

Spec i f ic  EPROM codes are dedicated t o  select each register 

The contents  of each register is entered i n t o  t h e  FCM output 

The leading edge of t h e  event pulse  is used for information 

Four synchronization s i g n a l s  u t i l i z e d  i n  t h i s  module are buffered and made ava i l ab le  

t o  t h e  use r  as a convenience. Their use is not required t o  properly i n t e r f a c e  with 

~ t h e  TA-623. 

TA-623 Speci f ica t ions  

Input Voltage.-The event pulse  inputs  are CMOS or l o w  power lTL, compatible and are 
0 t o  +5.0 vo l t s  nominal. 

permanent damage t o  t h e  module. 
Voltages ou t s ide  t h e  range -0.3 t o  +36 v o l t s  dc w i l l  cause 

I Pulse Duration.- The pulse  input must be of durat ion one microsecond minimum. 
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These s p e c i f i c a t i o n s  are boundary conditions and reliable i n t e r f a c e  design w i l l  

f a l l  w e l l  wi th in  these  limits. 

TABLE 21. TA-623 INPUTS 

Descript ion Pin Number(s) Input t o  IC Type 

Event 0, 1 Inputs  6 9 1  LM 339 

A 3  Programning 8 RCA 4063 

TABLE 22. TA-623 OUTPUTS 

Descr ipt ion Pin Number(s) Output from I C  Type 

Major Frame Sync. 3 RCA 4050 
Minor Frame Sync. 2 RCA 4050 
Word Clock 5 RCA 4050 
B i t  Clock  4 RCA 4050 
2X B i t  Clock 7 RCA 4050 

~ ~ ~- 

TB-625 Time Event Monitor with Timing Buffers  

The TB-625 (Figure 32) is a second type of time event monitor used f o r  determina- 

t i o n  of t h e  r e l a t i v e  t ime of occurrence of events.  This  module funct ions i n  

exac t ly  t h e  same manner a s  t h e  non-alternating input of t h e  TA-623 time event 

monitor. 

permitted per system f o r  a capab i l i t y  of four t i m e  event channels from TB-625 

modules. 

at t h e  ex terna l  connector of t h e  module. 

t o  +10 v o l t s  through a 30 kilohm resistor. 

ing t h e  appropriate  pin at t h e  ex terna l  connector. 

In te rpre ted  as a logic "I". 
25. 

The TB-625 has  two separate event pulse  inputs .  Two TB-625 modules are 

Selec t ing  between "€3-625 modules is done by an  address assignment made 

The address programning pin is pul led  up 

Programning is accomplished by ground- 

An open programning pin w i l l  be 

For module programning codes, see Tables 23 through 

59 



Figure 32.-TB-625 t i m e  event monitor with t iming b u f f e r s  

Another f ea tu re  provided by t h e  TB-625 is a set of i n t e r n a l  binary counters  which 

provide t h e  "X" and "Y" p o s i t i o n s  i n  t h e  format at any t i m e .  

t w o  counters  are buffered and available on t h e  ex te rna l  i n t e r f a c e  connect t o  permit 

ex te rna l  devices t o  be synchronized with t h e  PChiI major frame format. 

from one of t he  counters  provide t h e  word number i n  t h e  frame and is reset t o  zero 

by t h e  minor frame pulse .  

number and is reset by t h e  major frame. 

and counts from 0 to  255. 

0 t o  31. 

The ou tpu t s  of t h e s e  

The output  

The output from t h e  o t h e r  counter is t h e  minor frame 

The word/frame counter has  e i g h t  stages 

The minor frame counter has  f i v e  stages and counts from 

(See Figure 31 f o r  t iming r e fe rences . )  

A s  with t h e  non-alternating input of TA-623, t h e  TB-625 has  a s i n g l e  twelve-stage 
binary counter used t o  count major frame words from 0 t o  4095. Associated with each 

of t h e  inpu t s  is a s i n g l e  12-bit register i n t o  which t h e  word number from t h e  12-bit 

word counter is la tched.  

t h e  readout r a t e  and pos i t i on  within t h e  PCM format are under EPWM format c o n t r o l .  

Again t h e  number of a c t i v e  channels within t h i s  module, 

60 



TABLE 23. TA-623 and TB-625 PROGRAMMING CYlDES 

Hex. Module 
Module R e g i s t e r  Word A7 A6 A5 A4 A3 A2 A1 A0 Code No. 

1 1 1 0 1 1 0 0 0  D8 
1 2 1 1 0 1 1 0 0 1  D9 

2 2 1 1 0 1 1 0 1 1  DB 
1 1 1 0 1 1 1 0 0  DC 

3 2 1 1 0 1 1 1 0 1  DD 

TA-623 1 1 1 0 1 1 0 1 0  DA 1 

1 1 1 0 0 1 0 0 0  C8 

1 1 1 0 0 1 0 1 0  CA 
TB-625 2 2 1 1 0 0 1 0 1 1  CB 

1 2 1 1 0 0 1 0 0 1  c 9  1 

1 1 1 0 0 0 0 0 0  co 
1 2 1 1 0 0 0 0 0 1  c1 2 

1 1 1 0 0 0 0 1 0  c2 
2 2 1 1 0 0 0 0 1 1  c3 

The a b v e  codes are t o  be used i n  t h e  EPROM program. 
resents t h e  MSB and A 0  is t h e  LSB. When using TA-623 and/or 

TB-625 modules i n  a system, program A 7  = 1, A 6  = 1, and A 5  = 0. 

A4 programning determines whether t h e  TA-623 or t h e  TJ3-625 

module is addressed. 

is used for module number se lec t ion .  

l i n e  is a l loca ted  f o r  module se lec t ion ,  o n l y  t w o  TB-625 modules 

can be used per  system. A 1  and A2 programning determines which 

da ta  r e g i s t e r ,  N o .  1, N o .  2 ( o r  No. 3 i n  t h e  TA-623)  is se l ec t ed  

f o r  readout. 

out .  

s e l ec t ion .  
program f o r  t h e  MP-GOlL Analog Multiplexer A 7  = 1, A 6  = 1 and 

A 5  = 0 CANNOT be used. 

A 7  rep- 

A 3  app l i e s  only t o  t h e  TB-625 module and 
Since on ly  one address 

A0 programning determines which word is read 

See Table 24 for more information concerning word 
When using a time event module i n  a system, t he  
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TABIE 24. TA-623 and TB-625 PRLXTRAMMING CONDITIONS 

B i t s  p e r  Word C o n d i t i o n  Use F r o m  T a b l e  1 5  

Word 1 1 0  1 0  MFL <= 2 

MFL > 2 1 °  

9 
Word 1 & 2 

Word 1 

Word 1 & 2 

9 MFL <= 2 

9 
MFL > 2 

Word 1 8 8 MFL <= 2 
8 

MFL > 2 Word 1 & 2 

The conditions l i s t e d  i n  t h e  above table are used t o  determine t h e  

EPROM program necessary t o  recover correct da ta  from t h e  t ime event 

modules. 

of mrds. Words 1 and 2 are taken from Table 23 and d i f f e r e n t  

programing codes are required t o  read out  each mrd. 

t h e  storage r e g i s t e r s  cons is t  of  twelve stages. I t  follows t h a t  

t h e  maximum count of these  r e g i s t e r s  cannot be read out  i n  one 8 ,  

9, or 10 b i t  word. This  is why t h e  programning of word 2 is 

sometimes necessary. The condition f o r  only word one t o  be read 

out  of each r e g i s t e r  is, i f  MFL, is less than or equal t o  2", 

where n equals  t h e  number of b i t s  per  word. 

than 2n, then m r d  1 and 2 must be read out  of each r e g i s t e r .  

The program f o r  readout of word 1 and 2 must occur i n  consec- 

u t i v e  EPFUIM locat ions.  

organization, see Table 25. 

MFL equals  t h e  major frame length measured by t h e  number 

Recall t h a t  

I f  h l F L  is g rea t e r  

For information concerning t h e  word 
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TABLE 25. TA-623 and TB-625 WORD ORCTANIZING 

Pulse  Duration.-The pulse  input must be of  duration one microsecond minimum. 

These spec i f i ca t ions  are boundary conditions and reliable i n t e r f a c e  design w i l l  

L 

Word 1 Word 2 
B i t  1 2 3 4 5 6 7 8 9 1 0  1 2 3  4 5 6 7 8 9 1 0  

0 1 2 3 4 5 6 7 8 9  Word 2 2 2 2 2 2 2 2 2 2  
O r y a n i  z i n g  0 1 2 3 4 5 6 7 8 9  2 2 2  2 2 2 2 2 2 2 2 2 2  102111 0 1 0 1 0 

The word organizat ion described above depicts t h e  K M  output .  

B i t  1 is t h e  f i r s t  b i t  t ransmi t ted  and b i t  10 is t h e  last b i t  

t ransmit ted.  

value is t h e  f i r s t  b i t  t ransmit ted.  

words 1 and 2 for readout is necessary, word 2 w i l l  have 

a l t e r n a t i n g  ones and zeros i n  b i t s  5 through 10. 

I n  t h i s  organizat ion,  t h e  LSB of t h e  counter 

When programning both 

Since event pulses are asynchronous with the PCM t iming, t h e  word count is la tched  

i n t o  each register by t h e  f i r s t  b i t  c lock pulse t h a t  occurs  imnediately a f t e r  t h e  

appropriate  event pulse. 

wi th in  t h i s  module. 

format at t h e  coincidence of t h e  assigned address and t h e  "load comnand" pulse  

i n t e r n a l l y  generated wi th in  t h e  system. 

used f o r  information storage and t h e  t r a i l i n g  edge has  no e f f e c t .  

t h e  reduced data w i l l  then be equivalent t o  two word periods of t h e  system. 

sampling rate chosen f o r  t ime event channels must be greater than t h e  g r e a t e s t  

frequency component of t h e  ac tua l  d a t a  being measured. 

Spec i f i c  EPRDM codes are dedicated t o  select each register 

The conten ts  of each register is entered  i n t o  t h e  PCM output 

I The leading edge of t h e  event pu lse  is I 

1 

1 

The reso lu t ion  of 

The 

I 
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TABLE 26. TA-623 INPUTS 

Description Pin N u m b e r ( s )  Input t o  IC Type 

Event 0, 1 Inputs  20,l LM 339 

A3 FYogramning 37 FCA 4063 

DescriDt ion 

TABLE 27. TI3425 OUTPUTS 

Major Frame Sync. 

Minor Frame Sync. 

Word Clock 

B i t  Clock 

2X B i t  Clock 

Minor Frame Number  

Word per Frame 

Pin Number(s) Output from I C  Type 

3 FCA 4050 

2 RCA 4050 

5 FCA 4050 

4 RCA 4050 

7 FCA 4050 

6,16,17,18,36 E A  4050 

12,14,15 RCA 4050 
7,8,9,10,11 

FL-619A Adjustable Output Quad F i l t e r  

This  module (Figure 33) contains  four  l i n e a r  phase lowpass f i l t e r s .  The FL-619A 

modules are provided with upper -3 dB poin ts  of (1120, 560, 280, 140, 92, 70, 46, 

35, 23, 17.5, 11.5, and 8.8)  KHz. Wallops F l igh t  F a c i l i t y  suppl ies  modules with 

four  of t h e  above -3 dB frequencies per  module. 

Wallops F l igh t  F a c i l i t y  is Bi-0-L. 

formula: 

The most c m n  code used by 

A f i l t e r  for  Bi-0-L code is se l ec t ed  by t h e  

1 .4  x b i t  rate = Upper -3 dB fco.  

A f i l t e r  f o r  NRZ-L, t h e  o ther  c m n  code output by t h e  system, is se l ec t ed  by t h e  

formula: 

0.7 x b i t  rate = Upper -3 dB fco.  

The appropriate u n f i l t e r e d  FCM output from t h e  timer module (TM-615P), is connected 

t o  pin no. 6 of t h e  FL-619A. This  input is fed t o  a l l  four  ac t ive  f i l ter  inputs  
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ORIGINAL PAGE IS 
OF POOR QUAtnv 

Figure 33.-FL-619A adjus tab le  output quad f i l t e r  

i n  p a r a l l e l  i n  t h e  quad f i l t e r  module. 

f i l t e r  no. 1-4, is then connected back t o  pin no. 1 of t h e  FL-619A. 

input t o  an ad jus tab le  gain ampl i f ie r .  

on p in  no. 2. 

t a ined  i n  t h e  FL-619A. 

t h e  f o m t t e r  m d u l e .  

formatter module t o  allow adjustments. 

The pin from t h e  des i red  f i l t e r s  ou tput ,  

This  is t h e  

The f i l t e r s  b ipo le r  l o w  impedance output is 

The output vo l tage  gain is adjus tab le  using t h e  potentiometer con- 

Access to  t h e  potentiometer is achieved through a slot  on 

The FL-619A must be located d i r e c t l y  above t h e  Fh1-618 

FL-619A Speci f ica t ions  

Input Voltage Range.-O t o  +5.0 v o l t s  nominal input  from t h e  TM-615P timer mdu1.e. 

Input Impedance.-10 kilohms minimum. 

Outtmt 1medance.-Less than 10 ohms. 

Output Voltage Range.-Adjustable k O . 1  to  55.0 v o l t s  centered about 0.0 vol t .  
Roll-Off Slope.-The roll-off s lope  pas t  t he  -3 dE3 p o i n t  is 36 dEVOctave. 
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TABLE 28. QUAD FILTER MODULES 

I 

Low Pass F i l t e r s  (Cut-off po in t  i n  KHz) 

Part Number 1 2 3 4 

17019001-501 1120 560 280 70 

17019001-502 92 46 23 11.5 

17019001-508 1120 560 280 140 

17019001-509 70 35 17.5 8.8 

17019001-515 1120 280 70 17.5 

17019001-516 560 140 35 8.8 

PFKESsOR alINTR(3L AND PROGRAMMING 

The processor mdu le  executes t h e  program entered i n t o  t h e  256 x 8 EPROM t o  
acccpnplish t h e  following funct ional  c a p a b i l i t i e s .  

cannutation rates up t o  1/32 of t h e  minor frame rate are possible .  

s u p e r c m t a t i o n  is unlimited by t h e  processor; however, s u p e r c m t a t i o n  is 

limited by t h e  size of t h e  EPROM. Las t ly ,  frame and subframe synchronization words 
m y  be located i n  any pos i t ion  of t h e  format i n  any b i t  pa t t e rn .  I t  is required t o  

have a subframe iden t i f i ca t ion  counter m r d  precede any s u b c m t a t e d  word. 

Multiple subframes with sub- 

The rate of 

One memory locat ion of t h e  256 x 8 E P R O M  is required for each minor frame word, 

independent of t h e  number of minor frames per major frame. 
word major frame is possible due t o  t h i s  technique. 

t h e  size of the  EPROM. 

on t h e  format configuration. 

one da ta  channel f o r  a ten-bi t  system. 

out within one PCM word period. 

periods, TO - T6. 

used t o  program t h e  system, can be used as input da t a  channel addresses provided 

these  channels are s u b c m t a t e d .  

period -- t h e  ins t ruc t ion  decoder is ine f fec t ive .  

Figure 34 i l l u s t r a t e s  t h e  block diagram of t h e  processor module. 

ex te rna l  connector on t h e  processor module. 
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Approximately a 7,000 

The format size is limited by 

The maximum number of input channels is near 240, depending 

Ten b i t s  of bi- level  p a r a l l e l  inputs  are considered 

A machine cyc le  of t h e  processor is c a r r i e d  

The machine cyc le  is divided i n t o  seven clock 

The special in s t ruc t ion  codes, recognized by t h e  processor and 

This  is possible because -- a f t e r  t h e  T2 clock 

There is no 



a 
w 
I- 
C 

2 
T 
3 
LA 
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PR-614 Processor Control Sequence 

The following discussion covers t h e  seven machine cycles ,  TO through T6, required by 

t h e  processor t o  execute t h e  program t h a t  is s tored  i n  t h e  ~~~. 
is given f o r  each machine cyc le  f o r  each type of code t h a t  t h e  processor may 

encounter followed by a comnent explaining t h e  machine code. 

The machine code 

To: PC <-- N ;  Program Counter updates to  N. 

T1: AR <-- N ;  Address Register is loaded with N. 

7-2: I R  <-- (N); Ins t ruc t ion  Register is loaded with 
t h e  contents  of N .  

Now t h e  ins t ruc t ion  decoder in te r roga tes  t h e  contents  of N. 

Contents of N is not an Instruction.-Nothing important happens u n t i l  7%. 

35: OR <-- Data; Output Register is loaded with Data Channel 
Address. 

Contents of N is an Instruction.-T3: PC <-- N+1;  'Program Counter is updated to  
N+1.  

T4 : AR <--N+1; Address Register is loaded with 
N+1. 

Subconmutated Data Ins t ruc t ion  Detected: 

T5: AR <--(N+l) + (FC);  Address Register is loaded with 
t h e  sum of t h e  contents  of N+1 
and t h e  Frame Counter. 

T6: OR <-- (AR); Output Register is loaded w i t n  t h e  sub- 
conmutated channel address.  

(Ntl) is t h e  i n i t i a l  memory address f o r  t h a t  subframe. This 
i n s t r u c t i o n  contains  ind i r ec t  address information. 

Frame I D  Word Instruct ion Detected: 

PCR! Output <-- Sta tus  of t h e  Frame Counter. 

A comnand is issued to  t h e  formatter module t o  t r a n s f e r  t h e  s t a t u s  
of t h e  frame counter t o  t h e  PCM output .  
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(N+1) ,  t h e  contents  of r e g i s t e r  N+1, contains  t h e  subframe counter 
reset information. This  information is used to  reset t h e  frame 
counter as appropriate.  (N+1) is composed of t h e  following: 

The t h r e e  MSB's are ones and t h e  f i v e  LSB's are a 
binary representat ion of t h e  number of minor frames per 
major frame. 

Frame Sync Word Detected: 

This  i n s t ruc t ion  is used th ree  t o  f ive  percent of major frame words 
but can be used as of ten  as desired and carry any information desired. 
(N+1) is t h e  e ight  MSB's of t h e  frame sync word. 
t h e  two LSB's are included as t h e  two LsB's of t h e  frame sync wrd 
ins t ruc t ion .  

For 10 b i t  systems, 

Tf3: OR <- -  (N+1) ;  Output Register is loaded with t h e  
contents of (N+1).  (Eight MSB's of 
Frame Sync Word.) 
sen t  t o  t h e  formatter module t o  t r a n s f e r  
t h e  complete frame sync word t o  t h e  K M  
output.  

Then a comnand is 

End of Frame Ins t ruc t ion  Detected: 

This  i n s t ruc t ion  is t h e  exception t o  t h e  rule stated i n  t h e  paragraph 
headed "Contents of N is an Instruction." 

T3: PC <-- 0; Program Counter resets t o  Zero. 

The contents  of memory location 0 i n  t he  EPFOM are t h e  e ight  
MSB's of the frame sync word. 
t h e  two LSB's of the  end of frame ins t ruc t ion  are the LSB's of 
t h e  frame sync word. 
major frame and outputs  t h e  first frame sync word. 

For nine and t e n  b i t  s y s t e m  

This  ins t ruc t ion  marks t h e  end of t h e  

Refer t o  Figure 34 f o r  a block diagram of t h e  processor 
module. See Table 29 for t h e  EPFOM ins t ruc t ion  codes. 

Programning Equipment 

The 97028 EPEDM can be programned using any one of t h e  c m r c i a l l y  ava i lab le  E P F O M  

programners on the market today. 

Instruct ion Codes 

I n s t m c t i o n  codes are unique e ight  b i t  codes. 

a l l  ones. 

o the r  per t inent  information. 
informat ion. 

The four  most s ign i f i can t  b i t s  are 

The next four b i t s  determine t h e  pa r t i cu la r  ins t ruc t ion  code and con ta in  
See Table 29, EPmM Ins t ruc t ion  C o d e s ,  f o r  fu r the r  
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TABLE 29. EPROM INSTRUCTION CDDES 

Ins t ruc t ion  A7 A6 A5 A4 A3 A2 A1 A0 HEX. Comnents 

End 1 1 1 1 1 1 1 1 FF B i t s  Al, A 0  are 

FJ3 t i o n  i n t o  b i t  9 1 1 1 1 1 1 1 
1 1 1 1 1 1 0 1 FD and 10 pos i t i on  

FC sync word for 9 1 1 1 1 1 1 0 

s to red  for inser-  of 
Frame 

of f i r s t  frame 

and 10 b i t  systems. 

Frame 1 1 1 1 1 0 1 1 FB B i t s  Al, A 0  are 

FA t i o n  i n t o  b i t  9 
sync. 
Word 

s to red  f o r  inser-  1 1 1 1 1 0 1 
1 1 1 1 1 0 0 1 F9 and 10 pos i t i on  of 

f i r s t  frame sync 
word for 9 and 10 F8 1 1 1 1 1 0 0 
b i t  systems. 

Frame I D  1 1 1 1 0 1 1 1 E T  
Word 

F6 RESERVEDDoNot 

F5 RESERVED Do N o t  
U s e  

U s e  
subcomnu- 1 1 1 1 0 1 0 0 F4 32 Deep Subframe 

1 1 1 0 0 1 1 F3 16 Deep Subframe t a t e d  Data 
Word 

1 1 1 1 0 0 1 0 F2 8 Deep Subframe 

1 1 1 1 0 0 0 1 F1 4 Deep Subframe 

1 1 1 1 0 0 0 0 FO 2 Deep Subframe 

The above codes must be used only for in s t ruc t ion .  
plexer  enabled by 11EGXXX code must not u se  these  fourteen codes if 
t h e  multiplexer is a prime frame multiplexer.  If t h e  mult iplexer  is 
a subconmutated mult iplexer ,  it is permissible t o  use  these  codes. 

Any analog multi- 



Programing t h e  System 

OObtain t h e  FCM format drawing. An example format drawing is given i n  Figure 5. 

'Choose t h e  multiplexer types and quantities of each t o  s a t i s f y  mission require- 
ments. 

OAssign multiplexer enable addresses from t h e  available codes. Refer t o  t h e  
specific module section or t h e  Quick Programing Code Section and Table 29 
t o  insu re  s e l e c t i n g  allowable codes. 

' A s s i g n  t h e  input channels t o  be used on each multiplexer. 

'Convert t h e  binary codes of t h e  input channels t o  hexadecimal codes. 

'Convert t h e  frame synchronization word p a t t e r n s  t o  hexadecimal and subframe 
ID in s t ruc t ion  word i f  subconmutation is t o  be used. 

'Convert i n s t ruc t ions  necessary f o r  t h e  f o m t  configuration t o  hexadecimal. 

O T h e  e n t i r e  format must be programed through t h e  end of frame ins t ruc t ion  
Generate t h e  i n d i r e c t  addresses before  assigning t h e  i n d i r e c t  addresses. 

f o r  t h e  subcomnutated data i f  s u b c m t a t i o n  is used. The i n d i r e c t  addresses 
follow t h e  subcomnutated data word in s t ruc t ions  i n  consecutive EPROM memory 
loca t ions .  
memory locat ions. 

The i n d i r e c t  addresses mag then be assigned t o  t h e  blank EPROM 

A sample payload configuration is included in a la t ter  sec t ion .  

s ec t ion  for exemplary information. 

Section for programning codes and ex te rna l  connector p in  output lists. 

Refer to  t h a t  

Refer t o  t h e  Programing Codes Quick Reference 

Programning Exceptions and Examples 

For subframe depths o the r  than binary multiples,  t h e  in s t ruc t ion  f o r  32 deep sub- 

frame is programned. 

only. 

m l t i p l e x e r .  

is i n e f f e c t i v e  a f t e r  machine cycle  T2. 

as a subccmnutated multiplexer address or a system ins t ruc t ion .  

/ The 14 codes listed i n  Table 29 must be used f o r  i n s t ruc t ion  

Any analog multiplexer enabled by lllxxMM code must be a s u b c m t a t e d  
The ins t ruc t ion  register, which recognizes EPFtOM ins t ruc t ion  codes, 

Therefore, t h i s  group of codes can be used 

End of Frame and Frame Sync. Programning Example 

Documentation b e l o w  s t e p s  through a t y p i c a l  EPFOM program s t a r t i n g  with t h e  End of 

Frame Ins t ruc t ion  and proceeding through t h e  Subframe I D  Ins t ruc t ion .  
given fsr EPXOM address loca t ions ,  address contents and FCM output.  

Examples are 

The end of 
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frame ins t ruc t ion  is started at a chosen loca t ion  i n  t h e  EPROM assumed t o  be at t h e  

end of t h e  program. 

beginning of t h e  program. 

The following EPROM locat ion used w i l l  be address 00, the 

EPRDM Address: 

EPROM Contents : 
I Comnent : 

EPROM Address: 

EPROM Contents: 

Comnent : 

PCM Output: 

EPFDM Address: 

EPROM Contents : 

Comnent : 

EPROM Address: 

EPROM Contents : 
I Comnent : 

PCM Output: 

10100001 (binary) A 1  (hexadecimal) 

111111 10 (binary) FT (hexadecimal) 

End of Frame Ins t ruc t ion  p r o g r m d  i n  
memory locat ion A 1  of t h e  EPROM. 
two LsB's of t h e  in s t ruc t ion  code are used 
a s  t h e  LSB's required for 9 and 10 b i t  
words be low.  

00000000 (binary) 00 (hexadecimal) 

11101101 (binary) ED (hexadecimal) 

Frame Sync Word programned i n  memory locat ion 
00 of t h e  EPROM. This  is not an in s t ruc t ion ,  
but, a p r o g r m d  mrd. The LSB's for 9 and 
10 b i t  words are taken from t h e  LSB's of t h e  
preceding in s t ruc t ion  (above). 

11101101 10 (10 b i t  word) 
11101101 1 (9 b i t  word) 
11101101 (8 b i t  word) 

00000001 (binary) 01 (hexadecimal) 

111110 10 (binary) F8 (hexadecimal) 

Frame Sync Ins t ruc t ion  p r o g r m d  i n  memory 
locat ion 01 of t h e  EPROM. The t w o  LSB's 
of t h e  in s t ruc t ion  code are used as t h e  LSB's 
required for 9 and 10 b i t  words  be low.  

00000010 (binary) 02 (hexadecimal) 

10001000 (binary) 88 (hexadecimal) 

Frame Sync Word p r o g r m d  i n  memory loca t ion  
00 of t h e  E P R O M .  Th i s  is not an in s t ruc t ion ,  
but, a p r o g r m d  word. The LSB's for 9 and 
10 b i t  words are taken from t h e  LSB's of t h e  
preceding in s t ruc t ion  (above). 

10001000 10 (10 b i t  word) 
10001000 1 (9 b i t  mrd) 
10001000 (8 b i t  mrd) 

The 
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EPROM Address: OOOO0011 (binary) 03 (hexadecimal) 
EPROM Contents: 11110111 (binary) F7 (hexadecimal) 

Comnent: Subframe ID Ins t ruc t ion  programed i n  memory 
loca t ion  03 of t h e  EPFKxvI. 
EPROhl address locat ion w i l l  contain a data 
word used i n  r e se t t i ng  t h e  frame count. 

The following 

EPROM Address: 00000100 (binary) 04 (hexadecimal) 
EPROM Contents: 11111111 (binary) FF (hexadecimal) 

Comnent: Frame counter reset word programed i n  memory 
locat ion 04 of t h e  EPROM. 
reset word ind ica tes  a major frame containing 
32 subframes. 

This  p a r t i c u l a r  

Frame I D  Word Instruct ion Programning Example 

Two examples of Frame 

EPROM Address: 

EPmM Contents: 

Comnent : 

EPm Address: 

EPROM Contents: 

Comnent : 

EPROM Address: 

EPm Contents: 

Comnent : 

EPEEOM Address: 

mmM Contents: 
Comnent : 

ID Word Instruct ion Programning are given below: 

Example 1 
00000011 (binary) 03 (hexadecimal ) 

11110111 (binary) F7 (hexadecimal ) 

Frame ID Word Instruct ion programed at EPROM 
memory locat ion 03. 

00000100 (binary) 04 (hexadecimal) 

11100111 (binary) E7 (hexadecimal 

This  subframe counter reset mrd, which follows 
t h e  frame I D  word in s t ruc t ion  i n  consecutive 
EPROM memory locat ions,  describes an 8 deep 
subframe length.  

Example 2 

OOOOOO11 (binary) 03 (hexadecimal) 

11110111 (binary) M (hexadecimal) 

Frame I D  Word Instruct ion programed at memory 
locat ion 03 i n  the  EPm. 

00000100 (b ina ry )  04 (hexadecimal) 

11110011 (binary) F3 (hexadecimal 1 
This subframe counter reset word, which follows 
the  frame ID word in s t ruc t ion  i n  consecutive 
E P F O M  memry locat ions,  describes a 20 deep 
subframe length.  
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The f i r s t  example shows t h e  programning necessary f o r  a subframe count of e i g h t ,  

a binary length.  The second example shows t h e  programing necessary f o r  us ing  a 
subframe count of o ther  than t h e  binary steps 32, 16, 8, 4,  or 2.  The second example 
uses  an arbitrary subframe count of 20. 

t h e  binary s t eps  l i s t e d  above, use  t h e  subcarmutated data word in s t ruc t ion  f o r  a 32 

deep subframe. 
i n s t ruc t ion  i n  consecutive EPROM memory loca t ions ,  is described by: 

ones and t h e  5 LSB's are a binary representa t ion  of the number of subframes per 
major frame. 

When using a subframe count of o the r  than 

The subframe counter reset m r d ,  which follows t h e  frame I D  word 
I 

3 MSB's are a l l  

Refer t o  Processor Control Sequence f o r  fu r the r  information. 

SYSTEM CONFIGURATION AND TESTING 

This  s ec t ion  provides information concerning t h e  t e s t i n g  which is performed on t h e  

encoder systems, t h e  documentation required t o  configure and necessary information 

for assembling a system. 

Tes t ing  

A l l  hardware is subjected t o  t h e  following t h r e e  l e v e l s  of t e s t i n g  prior t o  its use  

on an ac tua l  mission: 
I 

OComponent, system and thermal t e s t i n g  by t h e  vendor. 

I OSystems l eve l  acceptance t e s t i n g  by Wallops F l igh t  F a c i l i t y .  

'Mission s p e c i f i c  systems funct ional  and environmental t e s t i n g .  

The vendor performs a funct ional  test on a module basis i n  a microprocessor con- 

t r o l l e d  test set. 
l i m i t  checked. 

typical system configurat ion and a l l  parameters are funct ional ly  checked again t o  
assure  module compatibi l i ty .  

operat ion over t h e  temperature range from -35 degrees Centigrade t o  +85 degrees 

Centigrade. 

A l l  appl icable  inputs  and outputs  are exercised and responses are 
Following t h e  module l e v e l  checks, t h e  module's are in tegra ted  i n  a 

A t  t h i s  po in t ,  t h e  system is checked for proper 

Wallops Fl ight  F a c i l i t y  w i l l  perform systems level funct ional  acceptance tests on 

t h e  modules to  two  typical configurat ions.  

checked p r i o r  to  incorporating a module i n t o  t h e  e x i s t i n g  l i b r a r y  of FCM components. 
Figure 35 shows t h e  hardware used f o r  t e s t i n g  t h e  pchl systems. 

A l l  features w i l l  be performance l i m i t  

I 
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Once a mission's requirements are defined, t h e  requi red  modules are se l ec t ed  from 

t h e  librasy of components and assembled i n t o  a system. 

t h e  mission format and a l l  mission inpu t s  are simlated while a l l  required outputs  

are func t iona l ly  checked and calibrated. 

t h e  payload and compatibil i ty tests and c a l i b r a t i o n s  are performed. 

load is then environmentally t e s t e d  and t h e  FCM system performance is monitored. 

Assuming no anomalies are observed, t h e  PCM system's f l i g h t  worthiness has  been 

est ab1 ished . 

The EPROM is programned f o r  

Next, t h e  PCM system is in t eg ra t ed  i n t o  

The e n t i r e  pay- 

Documentat ion 

Necessary documentation f o r  assembling an encoder system c o n s i s t s  of t h e  9702A EPROM 

program, a drawing of t h e  FCM output format, a l i s t i n g  of each d a t a  channel with 

word-frame-interval information, all outputs  of t h e  system t h a t  w i l l  be used, in for -  

mation specifying opera t iona l  modes and hardwire addresses, t h e  exact s tacking  con- 

f igu ra t ion  and i n f o m a t i o n  necessary to  program t h e  PCM d e c m t a t i o n  system. By 
following t h e  Sample Payload Configuration (presented i n  a following s e c t i o n ) ,  a l l  of 

t h e  requi red  in fomat ion  w i l l  be included i n  t h e  instrumentation engineers 

document at ion  package. 

Configuration 

CAUTION: EXTREME CARE SHOULD BE EXERCISED I N  THE HANDLING OF 
THESE MODULES SINCE THE MATING CONNMJrORs CAN BE 
DAMAGE3 I F  THE co"EcroRs ARE NOT MATED PR0PERz;Y. 

WHEN C O N " 1 N G  THE MATING CONNEKXIRS, THE MATE SHOULD 
BE INSEM'ED WITH BOTH CO"l33DR.S PARALLEL AT ALL 
TIMES. THE RFTAINING SCREWS SHOULD BE TIGHTEND 
ALmATELY ALWAYS KEEPING THE CONNEClDRS PARALLEL. 

CAUTION SHOULD ALSO BE EXERCISED WHILE ASSEMBLING 
OR DISASSEMBLING A STACK OF MODULES. THE MODULES 
MUST BE MAINTAINED I N  A PARALLEL ORIENTATION DURING 
THE STACKING AND UNSTACKING PFKCl3SS To PREVENT 
FRACTURING OF THE MATING CONNECrORS. 

The power supply, PX-628, must be loca ted  at  t h e  bottom of t h e  s t ack .  

supply and the e n t i r e  s t ack  should be heat-sinked during operation. 

and hold amplifier and analog t o  d i g i t a l  converter,  AD-606, should be loca ted  

adjacent t o  t h e  power supply i f  any analog mul t ip lexers  are t o  be used i n  t h e  system. 

I f  no analog multiplexers are required,  t h e  AD-606 is not  required.  

The p o w e r  

Next, t h e  sample 

The format te r ,  
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FM-618, should come next. 

t o  t h e  power supply. 

d i r e c t l y  above t h e  FM-618. 
f i l t e r  through a slot i n  t h e  formatter module. 

FL-619A can be loca ted  anywhere b e l o w  t h e  PR-614 and above t h e  FM-618 and AD-606 
combination. The timer module, TM-615P, must be above t h e  FM-618 and t h e  AD-606 
modules. 

is t h e  top  end of t h e  s tack .  

between t h e  TM-615P and t h e  FM-618. 

stacking order .  

i n  which it w i l l  be flown. 

same f o r  t e s t i n g  and f l i g h t .  

If t h e  AD-606 is not  used, t h e  FM-618 should be adjacent 

If t h e  quad filter module, FL-619A is used, it must be located 

This allows adjustment of t h e  potentiometer i n  t he  quad 

I f  adjustment is not required,  t h e  

The processor,  PR-614, must be located next t o  t h e  end p l a t e ,  EP-612, which 

The analog and d i g i t a l  mult iplexers  should be located 

The multiplexers may be arranged i n  any des i red  

However, t h e  s tack  should be t e s t e d  i n  t h e  same s tack  configuration 

Also, t h e  multiplexer input assignments should be t h e  

NASA Goddard Space F l ight  Center  

Wallops F l igh t  F a c i l i t y  

Wallops Is land,  Virginia  23337 

December 1985 
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APPENDIX A. DOCUMENTATION FOR SAMPLF: SYSTEM 

PAYLOAD NUMBER SAMPLE 

ELECTRICAL CONFIGURATION FOR WALLOPS STANDARD 
MMP-600 PULSE CODE MODULATION ENCODER SYSTEM 

INSTRUMENTATION ENGINEER: S t e D h e n  F. Currier 

DATE 5/27/85 



40 1v 13: 

I1 21 OH 

~ I1 ZI OH 

FRSYNC #1: 1 1 1 0 1 1 0 1 1 1  ; FRSYNC # 2 :  l U U O l O O 0 0 0  
Bit Rate: 200 KB/S;  10 Bits/Word; 32 Words/Frame 

PCM O U T P U T D A T A  FORMAT 

A-1 



Measurement  
so 
s1 
s 2  
s3 
s 4  
s5 
S 6  
s 7  
S8 
s 9  
s 1 0  
s11 
s 1 2  
S 1 3  
S14 
S 1 5  
co 
c1 
PO 
P1 
P2  
A 0  
A 1  
A2 
A 3  
A4 
A 5  
A6 
A7 
A 8  
A9 
A 1  0 
A 1  1 
A 1  2 
A13 
A 1 4  
A15 
A16 
A17 
A 1  8 
A 1  9 
A2 0 
A21 
A2 2 
A23 
A2 4 
A25 
A26 
A2 7 
A28 
A29 
A30 
A 3 1  

Data 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 

User Samples/Sec 
S F C  78 .124  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
s FC 
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S F C  
S FC 
S F C  
S F C  
S F C  
S F C  
S F C  

78 .124  
7 8 . 1 2 4  
78 .124  
7 8 . 1 2 4  
78 .124  
78 .124  
78 .124  
78 .124  
78 .124  
7 8 . 1 2 4  
78 .124  
7 8 . 1 2 4  
7 8 . 1 2 4  
78 .124  
78 .124  

1249 .90  
1 2 4 9 . 9 8  

312 .496  
3 1 2 . 4 9 6  
6 2 4 . 9 9 2  

4999.94  
624 .99  
3 1 2 . 4 9 6  
3 1 2 . 4 9 6  

1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  
1 9 . 5 3 1  



Measurement 
A32 
A3 3 
A34 
A 3  5 
A36 
A37 
A38 
A39 
A40 
A 4  1 
A 4  2 
A4 3 
A44 
A4 5 
A 4  6 
A47 
A 4 8  
A 4  9 
A50 
A5 1 
A52 
A5 3 
A54 
A5 5 
A56 
A5 7 
A58 
A59 
A60 
A6 1 
A6 2 
A6 3 
A 6 4  
A6 5 
A66 
A6 7 
A6 8 
A6 9 
A70 
A 7  1 
A72 
A 7  3 
A 7 4  
A 7  5 
A76 
A7 7 
A78 
A7 9 
A80 
A8 1 
A8 2 
A8 3 
A8 4 

Data 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 

User Samples/Sec 
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
S FC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SPC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
S FC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
SFC 1 9 . 5 3 1  
S FC 1 9 . 5 3 1  
SFC 1 2 4 9 . 9 8  
S FC 78 .124  
SFC 7 8 . 1 2 4  
S FC 78 .124  
SFC 7 8 . 1 2 4  
S FC 78 .124  
SFC 7 8 . 1 2 4  
S FC 78 .124  
S FC 78 .124  
s FC 6 2 4 . 9 9  
s FC 5 2 4 . 9 9  
s FC 6 2 4 . 9 9  
SFC 6 2 4 . 9 9  
S FC 3 1 2 . 5  
S FC 3 1 2 . 5  
S FC 3 1 2 . 5  
SFC 1 5 6 . 2 5  
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EPROM PROGRAM 

A D D R E S S  
0 0  
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
08 
0 9  
OA 
OB 
oc 
OD 
OE 
OF 
1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 A  
1 B  
1c 
1 D  
1 E  
1 F  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
2 A  
2 B  
2c 
2 D  
2 E  
2 F  
30 
31  
3 2  

DATA COMMENT A D D R E S S  
E D  F G E C  #I 33 
F 8  
88 
F7 
FF 
4 0  
00 
0 1  
4 1  
4 0  
c5 
F 3  
53 
F 4  
31  
4 0  
cc 
C D  
F 1  
6 5  
40  
F 1  
97 
FO 
A 1  
F 2  
8 D  
4 0  
0 0  
01 
FO 
9 D  
4 0  
c5 
F 4  
6 R  
F 3  
5 3  
4 0  
C E  
C F  
31  
4 0  
F F  

-- 

-- 

4 4  
4 5  

FRAME SYNC I N S T R .  
FRAME SYNC # 2  
S F I D  I N S T R .  
S F I D  COUNT R E S E T  
DATA A 0  
DATA C o  
DATA C 1  
DATA A 1  
DATA A 0  
DATA A 6 8  
SUBCOM 1 6  I N S T R .  
I N D I R E C T  A D D R E S S  
SUBCOM 3 2  I N S T R .  
I N D I R E C T  A D D R E S S  
DATA A 0  
DATA A 7 7  
DATA A 7 8  
SUBCOM 4 I N S T R .  
I N D I K E C T  ADDRESS 
DATA A 0  
SUBCOM 4 I N S T R .  
I N D I R E C T  A D D R E S S  
SUBCOM 2 I N S T R .  
I N D I R E C T  A D D R E S S  
SUBCOM 8 I N S T R .  
I N D I R E C T  ADDRESS 
DATA A 0  
DATA CO 
DATA C 1  
SUBCOM 2 I N S T R .  
I N D I K E C T  ADDRESS 
DATA A 0  
DATA A 6 8  
SUBCOM 32  I N S T R .  
I N D I R E C T  A D D R E S S  
SUBCOM 1 6  I N S T R .  
I N D I R E C T  A D D R E S S  
DATA A 0  
DATA A 7 9  
DATA A 8 0  
DATA P 2  
DATA A 0  
END O F  FRAME INSTR 
BLANK 
BLANK 
BLANK 
BLANK 
BLANK 
DATA A 4  
DATA A 5  

3 4  
35 
36 
37 
38 
39 
3 A  
3 B  
3c 
3 D  
3 E  
3F 
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
4 A  
4 B  
4 c  
4 D  
4 E  
4 F  
50 
5 1  
5 2  
5 3  
5 4  
55  
56 
5 7  
58 
59  
5 A  
5 B  
5c 
5 D  
5 E  
5F 
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  

DATA COMMENT 
4 6  DATA A 6  
4 7  DATA 
48  
4 9  
4 A  
4 B  
4c 
4 D  
4 E  
4 F  
50 
51  
5 2  
5 3  
5 4  
55 
56 
57  
58 
59  
5 A  
5 R  
5c 
5 D  
5 E  
5 F  
80 
8 1  
8 2  
8 3  

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
20 
2 1  
2 2  
2 3  
2 4  
2 5  
26  
2 7  

30 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
BLANK 
BLANK 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
BLANK 
BLANK 
DATA 

A 7  
A 8  
A 9  
A 1 0  
A 1  1 
A 1 2  
A 1 3  
A 1 4  
A 1 5  
A 1 6  
A 1 7  
A 1 8  
A 1 9  
A 2 0  
A 2 1  
A 2 2  
A 2 3  
A 2 4  
A 2 5  
A 2 6  
A 2 7  
A 2 8  
A 2 9  
A 3 0  
A 3 1  
A 3 2  
A 3 3  
A 3 4  
A 3 5  

so 
51 
52 
53 
54 
55 
56 
57 
58 
59 
510 
511 
512 
513 
514 
515 

PO 
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~~ 

EPROM PROGRAM PAGE 2 

A D D R E S S  
6 6  
6 7  
6 8  
6 9  
6 A  
6 B  
6 C  
6 D  
6 E  
6F 
7 0  
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
7 A  
7 B  
7c 
7 D  
7 E  
7 F  
8 0  
8 1  
8 2  
8 3  
8 4  
8 5  
8 6  
8 7  
88  
8 9  
8 A  
88 
8 C  
8 D  
8 E  
8 F  
9 0  
9 1  
9 2  
9 3  
9 4  
9 5  
9 6  
9 7  
9 8  

DATA COMMENT 
31 DATA P 1  

BLANK 
BLANK 
BLANK 
BLANK 

8 4  DATA 
85 DATA 
8 6  DATA 
87 DATA 
88 DATA 
89 DATA 
8 A  DATA 
8 B  DATA 
8 C  DATA ~- 

8 D  DATA 
8 E  DATA 
8 F  DATA 
A 0  DATA 
A 1  DATA 
A 2  DATA 
A 3  DATA 
A 4  DATA 
A 5  DATA 
A 6  DATA 
A 7  DATA 
A 8  DATA 
A 9  DATA 
AA DATA 
AB DATA 
AC DATA 
AD DATA 
AE DATA 
A F  DATA 
CO DATA 
C 1  DATA 
C 2  DATA 
C 3  DATA 

-- 

-- 
BLANK 
BLANK 

C 5  DATA 
C 6  DATA 
C 7  DATA 
C 8  DATA 
C 9  DATA 
CA DATA 
C B  DATA 
CC DATA 

-__ 

BLANK 
BLANK 

D 3  DATA 
D4  DATA 

A 3 6  
A 3 7  
A 3 8  
A 3 9  
A 4 0  
A 4  1 
A 4  2 
A 4  3 
A 4 4  
A 4  5 
A 4  6 
A 4  7 
A 4 8  
A 4  9 
A 5 0  
A 5  1 
A 5  2 
A 5  3 
A 5  4 
A 5  5 
A 5 6  
A 5 7  
A 5 8  
A 5  9 
A 6 0  
A 6  1 
A 6 2  
A 6  3 
A 6 4  
A 6  5 
A 6 6  
A 6  7 

A 6 9  
A 7  0 
A 7  1 
A 7  2 
A 7 3  
A 7  4 
A 7 5  
A 7  6 

A 8  3 
A 8  4 

ADDRESS 
9 9  
9 A  
9 B  
9C 
9 D  
9 E  
9F 
A 0  
A 1  
A 2  
A 3  
A 4  
A 5  
A 6  
A 7  
A 8  
A 9  
AA 
AB 
AC 
AD 
AE 
A F  
BO 
B 1  
€32 
B 3  
B 4  
B 5  
8 6  
67  
88 
B 9  
BA 
BB 
RC 
BD 
BE 
BF 
co 
c1 
c 2  
c 3  
c 4  
c5 
C6 
c7 
C8 
c 9  
CA 
CB 

___- 

A-5 

DATA 
D 5  
D 3  

D 1  
D 2  

4 2  
4 3  

COMMENT 
DATA A 8 5  
DATA A 8 3  
BLANK 
BLANK 
DATA A 8 1  
DATA A 8 2  
BLANK 
BLANK 
DATA A 2  
DATA A 3  
BLANK T O  
END O F  
EPROM..  . 



EPROM PROGRAM PAGE 3 

A D D R E S S  DATA COMMENT A D D R E S S  DATA COMMENT 
cc FF 
C D  
C E  
C F  
DO 
D 1  
D 2  
D 3  
D 4  
D 5  
D 6  
D 7  
D 8  
D 9  
DA 
DB 
DC 
DD 
DE 
DF 
EO 
E l  
E 2  
E 3  
E 4  
E 5  
E 6  
E 7  
E 8  
E 9  
EA 
E B  
E C  
E D  
E E  
E F  
FO 
F 1  
F2  
F 3  
F 4  
F 5  
F 6  
F7  
F 8  
F 9  
FA 
F B  
F C  
F D  
FE 

A-6 



H E X .  
ADDRESS 

00  - 0 1  

1 0  - 1 7  

20 - 2 7  

30 - 3 2  

40 - 5F 

8 0  - 9F 

co - D5 

ENCODER PABTS LIST 

MODEL NUMBER PART NO. S E R I A L  NO. INPUTS USED 

PX-628 

FM-618 

TM-615P 

PR-614 

FL-619A 

AD-606 

# O  CM-622P 

# O  SD-624 

#1  SD-624 

# 0  PD-629 

# O  MP-601L 

#1 MP-601L 

# 2  MP-601L 

17028000-501 

17018000-519 

17015001-519 

17014003-501 

17019001-515 

17006003-501 

17022003-503 

17024001-501 

17024001-501 

17029000-501 

17001004-510 

17001004-510 

17001004-510 

0 0 1  

0 0 2  

0 0 3  

004 

0 0 5  

006  

0 0 7  co - c1 

0 0 8  so - s 7  

0 0 9  S8  - S 1 5  

010 PO - P2 

0 1 1  A0 - A 3 1  

012  A32 - A64 

0 1 3  A65 - A85 

A-7 



CONNECTOR NO. 

P123 

P124 

P125 

P126 

P127 

P128 

P129 

P130 

P131 

P132 

STACK CONFIGURATION 

MODULE MODEL NO. 

I EP-612 1 PR-614 

TM-615P 

#O SD-624 

#1 SD-624 

I- PD-629 
#O CM-622P I 
# 0  MP-601L 

#1 MP-601L I 
I #2 MP-601L I 
I 1 

I xxx I 
I xxx I 

xxx 

I FL-619A I 
FM-618 

I AD-606 I 

HARDWIRE ADDRESS 

A5=U A4=1 

A5=1 A4=0 

A5=1 A4=1 A3=0 A2=0 
A5=0 A4=0 A3=0 
A2=0 A1=0 

A7=0 A6=1 A 5 = 0  

A7=1 A6=0 A5=0 

A7=1 A6=1 A5=0 

USE F I L T E R  #2 
280KHZ FCO 

1 PX-628 1 A=O B = l  C=O 

A-8 



MP-601L ANALOG MULTIPLEXER NUMBER: 0 

SERIAL NUMBER: 011 

MODULE ADDRESS 

A7 0 A6 1 A 5  0 

ASSOCIATED INPUTS: A0 - A31 

MP-601L ANALOG MULTIPLEXER NUMBER: 1 

SERIAL NUMBER: 012 

MODULE ADDRESS 

A7 1 A6 0 A5 0 

ASSOCIATED INPUTS: A32 - A64 

MP-601L ANALOG MULTIPLEXER NUMBER: 2 

SERIAL NUMBER: 013 

MODULE ADDRESS 

A7 1 A6 1 A5 0 

ASSOCIATED INPUTS: A64 - A86 

MP-601L ANALOG MULTIPLEXER NUMBER: 

SERIAL NUMBER: 

MODULE ADDRESS 

A7 A6 A5 

ASSOCIATED INPUTS: 

A-9 



P D - 6 2 9  PARALLEL D I G I T A L  DATA M U L T I P L E X E R  NUMBER: 0 

S E R I A L  NUMBER: 010  

MODULE ADDRESS 

A 5  1 A 4  1 A 3  0 A 2  0 

CHECK T H E  B I T S  B E I N G  USED I N  R E S P E C T I V E  WORDS. 

WORD NUMBER B I T  NUMBER 

1 2 3 4 5 6 7 8 9 1 0  

X X X X X X X X X X 

X X X 

X X X X X 

- - - - - - - - - -  
- - - - - - -  X X X X X X X - - -  

- - - - - - -  - - -  

B I T  1 I S  LSB AND B I T  1 0  IS MSB. 



S D - 6 2 4  S E R I A L  D I G I T A L  DATA MULTIPLEXER NUMBER: 0 

S E R I A L  NUMBER: 

MODULE ADDRESS 

A 5  0 A 4  1 - - 

INPUT NUMBER 

INPUT 0 

INPUT 1 

INPUT 2 

INPUT 3 

INPUT 4 

INPUT 5 

INPUT 6 

INPUT 7 

Is the S D - 6 2 4  

YES NO 

008 

DATA 

so 

s, 1 

s 2  

s3 

s4 

s5 

S6 

s7 

being read out in two consecutive words’? 

X 

I f  Y E S ,  how many bits are to be shifted out in a series? 

B I T S  

C -a- A - l l  



S D - 6 2 4  S E R I A L  D I G I T A L  DATA M U L T I P L E X E R  NUMBER: 1 

S E R I A L  NUMBER: 0 0 9  

NODULE ADDRESS 

INPUT NUMBER 

INPUT 0 

I N P U T  1 

INPUT 2 

INPUT 3 

INPUT 4 

DATA 

58 

59 

510 

511 

512 

INPUT 5 513 

INPUT 6 5 1 4  

INPUT 7 515 

Is the S D - 6 2 4  being read out in two consecutive words? 

YES NO X 

I f  Y E S ,  how many bits are to be shifted out in a series? 

B I T S  



C M - 6 2 2 P  DUAL COUNTER/ACCUMULATOR NUMBER: 0 

S E R I A L  NUMBER: 0 0 7  

MODULE ADDRESS 

A 5  0 A 4  0 A 3  0 A 2  0 A 1  0 

WORD LENGTH Word L e n g t h  C o d e  
B i t s / W o r d  A B 

8 1 1 
9 0 1 

1 0  0 0 

COUNTER MODE: DUAL X CASCADE 

R E S E T  MODE COUNTER 0 :  # 2  

R E S E T  MODE COUNTER 1: # 2  

I N P U T  DATA 

COUNTER 0 CU 

COUNTER 1 c1 

1. EXTERNAL R E S E T  P U L S E  
2 .  R E S E T  ON READ 
3. OVERFLOW 
4 .  OVERFLOW COMPLIMENT 
5 .  EXTERNAL R E S E T  P U L S E  

COMPLIMENT 
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TA-623 TIME EVENT MONITOR WITH ALTERNATING REGISTERS 

SERIAL NUMBER: 

MODULE ADDRESS 

A3 ("1" NOMINAL) 

INPUT DATA 

EVENT 0 

EVENT 1 
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T B - 6 2 5  T I M E  EVENT MONITOR AND T I M I N G  BUFFERS NUMBER: 

S E R I A L  NUMBER: 

MODULE ADDRESS 

A 3  

INPUT 

EVENT 0 

EVENT 1 

DATA 
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GROUP I MODULE OUTPUTS REQUIRED FOR THE MISSION. 
(INSTRUMENTATION ENGINEER CHECK ONLY THOSE REQUIRED) 

POWER SUPPLY PX-628 

CRYSTAL OSCILLATOR +0.02% STABILITY - 25 KBIT CLOCK 

CRYSTAL OSCILLATOR + 0 . 0 2 %  STABILITY - 50 KBIT CLOCK 

CRYSTAL OSCILLATOR +0.02% STABILITY - 100 KBIT CLOCK 

200 KBIT CLOCK X CRYSTAL OSCILLATOR - + 0 . 0 2 %  STABILITY 

CRYSTAL OSCIJALATOR +0.02% STABILITY - 400 KBIT CLOCK 

CRYSTAL OSCILLATOR +0.02% STABILITY - 800 KBIT CLOCK 

1600 KBIT CLOCK CRYSTAL OSCILLATOR - +0.02% STABILITY 

PX-628 output are CMOS operated at +5.0  volts. The simulator 
unit buffers them with TTL l o g i c  operated on +5.0 volts. 

TIMER TM-615P 

OUTPUT PIN NO. REQCJ IRED 

NRZ-L 1 

Bi-0-L 

NRZ-L PRIMARY 

2 

4 

MAJOR FRAME 

Bi-0-L 

5 X 

6 X 

PREMOD FILTER 8 

INVERTED 2 X  
BIT CLOCK 

9 

2X BIT CLOCK 10 

Bi-O/NRZ OUTPUT 20 

INVERTED Bi-O/NRZ 21 
OUTPUT 

BIT CLOCK 23 

MINOR FRAME SYNC. 24 
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TIMER TM-615P 

___- OUTPUT PIN NO. R E Q U I R E D  

WORD CLOCK 25 X 

BIT CLOCK 26 X 
1 

1 

All TM-615P outputs are CMOS operated on +5.0 volts. The 
simulator buffers all outputs above with TTL logic operated 
on +5.0 volts. 
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P D - 6 2 9  PARALLETL D I G I T A L  DATA M U L T I P L E X E R  NUMBER: 0 

CHECK OUTPUTS R E Q U I R E D  FOR T H E  M I S S I O N .  

A-18 

1 

WORD 0 ENABLE X 

WORD 1 ENABLE 



S D - 6 2 4  S E R I A L  D I G I T A L  DATA MULTIPLEXER NUMBER: 0 

CHECK OUTPUTS REQUIRED FOR THE M I S S I O N ,  

ENABLE 0 X I N V E R T E D  LOAD 0 X GATED B I T  CLOCK 0 X 

ENABLE 1 X INVERTED LOAD 1 X GATED B I T  CLOCK 1 X 

ENABLE 2 X I N V E R T E D  LOAD 2 X GATED B I T  CLOCK 2 , X 

ENABLE 3 X INVERTED LOAD 3 X GATED B I T  CLOCK 3 X 

ENABLE 4 X I N V E R T E D  LOAD 4 X GATED B I T  CLOCK 4 X 

ENABLE 5 X INVERTED LOAD 5 X GATED B I T  CLOCK 5 , X 

ENABLE 6 X INVERTED LOAD 6 X GATED B I T  CLOCK 6 X 

ENABLE 7 X INVERTED LOAD 7 X GATED B I T  CLOCK 7 X 
I 
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S D - 6 2 4  S E R I A L  D I G I T A L  DATA M U L T I P L E X E R  NUMBER: - 1 

CHECK OUTPUTS R E Q U I R E D  F O R  T H E  M I S S I O N .  

ENABLE 0 X I N V E R T E D  LOAD 0 X G A T E D  B I T  CLOCK 0 X 

ENABLE 1 X I N V E R T E D  LOAD 1 X GATED B I T  CLOCK 1 X 

ENABLE 2 X I N V E R T E D  LOAD 2 X G A T E D  B I T  CLOCK 2 X 

ENABLE 3 X I N V E R T E D  LOAD 3 X GATED B I T  CLOCK 3 X 

ENABLE 4 X I N V E R T E D  LOAD 4 X GATED B I T  CLOCK 4 X 

ENABLE 5 X I N V E R T E D  LOAD 5 X GATED B I T  CLOCK 5 X 

ENABLE 6 X I N V E R T E D  LOAD 6 X GATED B I T  CLOCK 6 X 

ENABLE 7 X I N V E R T E D  LOAD 7 X GATED B I T  CLOCK 7 X 
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SYSTEM PROGRAMMING PARAMETERS 

POWER S U P P L Y  P X - 6 2 8  

B I T  RATE:  2 0 0  K B I T / S E C  

INTERNAL:  YES 

S E R I A L  NO. 0 0 1  

EXTERNAL: 

c o  - -- SYSTEM B I T  RATE:  A 0 B 1  -- 

T I M E R  TM-615P S E R I A L  NO. 0 0 3  

S E L E C T  51-0 ( 0 )  o r  N R Z  ( 1 )  

S E L E C T  Mark  ( 0 )  o r  Space (1 )  

C o n n e c t  t h e  b i t  s y n t h e s i z e r  t o  t h e  o u t p u t  w h i c h  w i l l  be  u s e d  
f o r  f l i g h t .  I f  p r e m o d  f i l t e r  i s  t o  be  u s e d ,  s e l e c t  t h e  
p roper  i n p u t .  

P A R I T Y  ODD ( 0 )  o r  NONE ( 1 )  X 

TOTAL BITS/WORD B 4  - 1 B 3  - 0 B 2  0 B 1  1 - - 

SAMPLE DURATION S 3  0 S 2  1 S1 1 - - - 

B i t s / W o r d  C o d e s  S a m p l e  D u r a t i o n  C o d e s  
B i t s / W o r d  B 4  I33 B 2  B 1  

a 0 1 1 1  
D u r a t i o n  s3 s 2  s1 
1 1 / 2  B i t s  0 0 1  

9 1 0 0 0  2 1 / 2  B i t s  0 1 0  
1 0  1 0 0 1  3 1 / 2  B i t s  0 1 1  

4 1 / 2  B i t s  1 0 0  
5 1 / 2  B i t s  1 0 1  
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I N F O R M A T I O N  R E Q U I R E D  T O  S Y N C H R O N I Z E  AND DECOMMUTATE DATA FOR 
T H E  ENCODER S Y S T E M  

B I T  S Y N C H R O N I Z E R  

H I T  RATE:  2 0 0  K B I T / S E C  

O U T P U T  CODE: B i 4 D - L  

I NVE R T E  D : NORMAL: X 

FRAME S Y N C H R O N I Z E R  

FRAME SYNC PATTERN 

PATTERN LENGTH 20 B I T S .  

S T R A T E G Y  B I T  WINDOW 

A C C E P T  ANY ERRORS P E R  FRAME? Y E S  Iva x 
V E R I F Y  1 P A T T E R N ( S )  T O  PROCEED FROM V E R I F Y  T O  LOCK.  

NUMBER O F  B I T S / F R A M E  3 2 0  I N C L U D I N G  FRAME SYNC 
WORDS. 

MSBF X L S B F  

WORD LENGTH 1 0  B I T S .  

NUMBER O F  DATA WOKDS/FRAME 30 E X C L U D I N G  FRAME SYNC WORDS. 

SUBFRAME SYNCHRONIZER 

ARE T H E R E  A N Y  SUBFRAMES?  Y E S  X NO 

I S  SUBFRAME I D E N T I F I C A T I O N  COUNTER U S E D ?  YES X NO 

DOES SUBFRAME I D  COUNTER COUNT UP O R  DOWN? UP X DOWN 

SUBFRAME LENGTH 3 2  WORDS. 

~- 

NUMBER O F  B I T  ERRORS A C C E P T E D  I N  P A T T E R N ?  1 

B I T  NUMBER O F  MSB O F  SUBFRAME I D E N T I F I C A T I O N  COUNTER? ___- 4 

A-22 



SUBFRAME SYNCHRONIZER (CONTINUED) 

IDENTIFICATION COUNTER LENGTH 5 BITS. 

MSBF IDENTIFICATION COUNT BIT ALIGNMENT? YES X NO 

INITIAL IDENTIFICATION COUNT? 0 

WORD SELECTOR 

NUMBER OF BITS/WORD? 1 0  

MSBF X O R  LSBF 

IS PARITY USED? YES NO X 
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APPENDIX B. P F E G W I N G  CODES QUICK FEFERENa AND 

EX"& CO"M;TOR P I N  OUI'PUI' LIST 



HECOMME NDE D FRAME 
SYNCHRONIZATION PATTERNS 

NUMBER OF BITS 

7 

8 

9 

1 0  

11 

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

18 

1 9  

20  

2 1  

2 2  

2 3  

2 4  

2 5  

26  

27  

28  

29  

3 0  

1 0 1  1 0 0  0 

1 0 1  1 1 0  0 0  

1 0 1  1 1 0  000  

1 1 0  111 000  0 

1 0 1  1 0 1  1 1 0  00 

1 1 0  1 0 1  1 0 0  000  

111 0 1 0  1 1 0  000  0 

111 0 0 1  1 0 1  000  0 0  

111 0 1 1  0 0 1  0 1 0  0 0 0  

111 0 1 0  111 0 0 1  0 0 0  0 

111 1 0 0  1 1 0  1 0 1  000  00  

111 1 0 0  1 1 0  1 0 1  0 0 0  0 0 0  

111 1 1 0  0 1 1  0 0 1  010 000  0 

111 0 1 1  0 1 1  110 0 0 1  000  0 0  

111 0 1 1  1 0 1  0 0 1  0 1 1  000  0 0 0  

111 1 0 0  1 1 0  1 1 0  1 0 1  000  0 0 0  0 

111 1 0 1  0 1 1  1 0 0  1 1 0  1 0 0  000  00  

111 1 1 0  1 0 1  111 0 0 1  1 0 0  1 0 0  0 0 0  

111 1 1 0  0 1 0  1 1 0  111 0 0 0  1 0 0  0 0 0  0 

111 1 1 0  1 0 0  1 1 0  1 0 1  1 0 0  0 1 0  000  0 0  

111 1 1 0  1 0 1  1 0 1  0 0 1  1 0 0  1 1 0  000  0 0 0  

111 1 0 1  0 1 1  1 1 0  010 1 1 0  0 1 1  0 0 0  000  0 

111 1 0 1  0 1 1  1 1 0  0 1 1  0 0 1  1 0 1  0 0 0  0 0 0  00  

111 1 1 0  1 0 1  111 0 0 1  1 0 0  1 1 0  1 0 0  0 0 0  000  

T A B L E  19 
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PROGRAMMING CODES Q U I C K  REFERENCE 

EPROM I n s t r u c t i o n  Codes t o  be u s e d  i n  t h e  EPROM p r o g r a m .  

- I n s t r u c t i o n  A7 A 6  A 5  A 4  A 3  A2 A 1  A 0  H E X .  Commen ts 

End 1 1 1 1 1 1 1 1 FF B i t s  A l l  A 0  a r e  
o f  1 1 1 1 1 1 1 0 F E  s t o r e d  f o r  

F r a m e  1 1 1 1 1 1 0 1 FD i n s e r t i o n  i n t o  b i t  
1 1 1 1 1 1 0 0 FC 9 a n d  10 p o s i t i o n  

of  f i r s t  frame 
s y n c  word f o r  9 
a n d  1 0  b i t  s y s t e m s  

F r a m e  1 1 1 1 1 0 1 1 FB B i t s  A l l  A 0  a r e  

Word 1 1 1 1 1 0 0 1 F 9  i n s e r t i o n  i n t o  b i t  
S y n c .  1 1 1 1 1 0 1 0 FA s t o r e d  f o r  

1 1 1 1 1 0 0 0 F 8  9 a n d  1 0  p o s i t i o n  
o f  f i r s t  frame 
s y n c  word f o r  9 
a n d  1 0  b i t  s y s t e m s  

F r a m e  I D  1 1 1 1 Q 1 1 1  F7 
Word 

F 6  R e s e r v e d  D o  N o t  U s e  
F 5  R e s e r v e d  D o  N o t  U s e  

Subcomm- 1 1 1 1 0 1 0 0 F 4  3 2  D e e p  S u b f r a m e  
u t a  t e d  1 1 1 1 0 0 1 1 F 3  16 D e e p  S u b f r a m e  
Data Word 1 1 1 1 0 0 1 0  P 2  8 D e e p  S u b f r a m e  

1 1 1 1 0 0 0 1  F 1  4 Deep S u b f r a m e  
1 1 1 1 0 0 0 0  FO 2 D e e p  S u b f r a m e  

P r o g r a m  A P r o g r a m  B P r o g r a m  C B i t  Ra te  
P i n  1 5  P i n  1 4  P i n  1 3  K b i t / s e c  

CI) 80Q 
0 400 
0 200 
0 ID0 
1 5(?, 
1 2 5  
1 1 2 . 5  
1 6 . 2 5  

P o w e r  S u p p l y  PX-628 B i t  Ra te  P r o g r a m m i n g  Codes  - T h e s e  
p r o g r a m m i n g  codes  a r e  t o  be u s e d  a t  t h e  m o d u l e s  e x t e r n a l  
c o n n e c t o r .  “ 0 l ’ = G r o u n d e d  P i n  I “ l “ = O p e n  P i n .  



Power Supply PX-628 External Clock Frequencies 

TM-615P Programming Codes - These programming codes are to be 
used at the external connector of the module. 
" 0 "  = Grounded Pin "1" = Open Programming Pin 

TM-615P Bits per Word Programming Codes 

Programming Pins 
B 4  B 3  62 61 

Bits/Word (Pin 14) (Pin 12) (Pin 13) (Pin 15) 

8 0 1 1 1 

9 1 0 0 0 

10 1 0 0 1 

TM-615P Parity Select Programming Codes 

Parity Select Pin Number 11 

Odd Parity 1 

No Parity 0 
_- 
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RECOMMENDED SAMPLE DURATIONS 
B i t s / W o r d  Sample W i d t h  

8 2 1 / 2  B i t s  

9 3 1 / 2  B i t s  

10  3 1 /2  B i t s  

TM-615P S a m p l e  D u r a t i o n  P rogramming  C o d e s  

P rogramming  P i n s  
s3 s2 s1 

S a m p l e  D u r a t i o n  ( P i n  1 7 )  ( P i n  1 6 )  ( P i n  1 8 )  

1 1 / 2  B i t s  0 0 1 

2 1 / 2  B i t s  0 1 0 

3 1 / 2  B i t s  0 1 1 

4 1 / 2  B i t s  1 0 0 

5 1 / 2  B i t s  1 0 1 

TM-615P Coded O u t p u t  P rogramming  C o d e s  

Bi-(D/NRZ S e l e c t  Mark /Space  S e l e c t  
Coded O u t p u t  ( P i n  3 )  ( P i n  2 2 )  

Bi-(D-M 0 0 

B i - 0 - S  0 1 

NRZ-M 1 0 

NRZ-S 1 1 
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EPROM P r o g r a m m i n g  C o d e s  f o r  S e l e c t i n g  Data C h a n n e l s  
T h e s e  programming codes a re  t o  be u s e d  i n  t h e  EPROM p r o g r a m .  

MODULE ADDRESS L I N E  CHANNELS MAXIMUM NO. OF 
NAME A7 A6 A5 A4 A 3  A2 A 1  A0 PER MODULES PER 

MODULE SYSTEM 

MP-601 M M M C C C C C 3 2  8 

PD-629 0 0 M M M M C C 3 1 6  

I SD-624 0 0 M M X C C C 8 4 

CM-622P 0 0 M M M M M C 2 

TA-623 SEE TABLE 1 3  2 

1 TB-625 S E E  TABLE 1 3  2 

1 9  

1 

2 

M = Module  s e l e c t  b i t  
C = C h a n n e l  s e l e c t  
0 = Must  program a " 0 "  
X = D o n ' t  Care 

SD-624 S e r i a l  D i g i t a l  Data M u l t i p l e x e r  C h a n n e l  P rogramming  - 
T h e s e  c o d e s  a re  t o  b e  u s e d  i n  t h e  EPROM p r o g r a m .  I 

I n p u t  C h a n n e l  P i n  N o .  A7 A6 A 5  A 4  A3 A2 A 1  A0 

0 2 7  0 0 PI M X 0 0 0 

1 8 O O M M X O O l  

2 26  O O M M X O l O  

3 7 O O M M X O l l  

4 1 O O M M X l O O  

5 20 O O M M X l O l  

7 2 1  O O M M X l l l  
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SD-624 Word L e n g t h  Programming - T h e s e  p rogramming  c o d e s  a r e  
t o  b e  u s e d  a t  t h e  e x t e r n a l  c o n n e c t o r  of t h e  m o d u l e .  " O " =  
Grounded  programming p i n ,  "1"= Open p rogramming  p i n .  

Word L e n g t h  P rogram A P r o g r a m  B 
P i n  9 P i n  11 

8 B i t s  0 1 

9 B i t s  1 0 

1 0  B i t s  0 0 

PD-629 Channe l  Programming Codes  - T h e s e  c o d e s  a r e  t o  b e  u s e d  
i n  t h e  EPROM p rogram.  

C h a n n e l  N o .  P i n  Numbers A7 A6 A5 A 4  A3 A 2  A 1  A0 
0 2 , 2 2 , 5 , 2 5 , 8 ,  0 0 M M M M 0 0 

2 8 , 1 1 , 3 1 , 1 4 , 3 4  

2 1 , 2 1 , 4 , 2 4 , 7 ,  0 0 M M M M 1 1 
2 7 , ~ 0 , 3 0 , ~ 3 , 3 3  

M = A d d r e s s  l i n e s  u s e d  f o r  modu le  s e l e c t i o n .  

CM-622 C o u n t e r / A c c u m u l a t o r  A d d r e s s  Programming Codes  - T h e s e  
c o d e s  a r e  t o  b e  u s e d  i n  t h e  EPROM p r o g r a m .  

C h a n n e l  P i n  N o .  A7 A6 A5 A 4  A3 A2 A 1  A0 

0 4 0 0 M M M M M 0 

1 5 0 0 M M M M M 1 
~~~~ ~ 

M =  A d d r e s s  l i n e s  u s e d  f o r  m o d u l e  



CM-622P Word L e n g t h  P rogramming  Codes  - T h e s e  codes a re  t o  b e  
u s e d  a t  t h e  e x t e r n a l  c o n n e c t o r  of t h e  m o d u l e .  " O " =  G r o u n d e d  
p r o g r a m m i n g  p i n ,  "1" Open p rogramming  p i n .  

Word L e n g t h  P rogram A P r o g r a m  B 
P i n  6 P i n  11 

8 B i t s  1 1 

9 B i t s  0 1 

1 0  B i t s  0 0 

CM-622P Reset Mode P rogramming  Codes  - T h e s e  c o d e s  a re  t o  D e  
u s e d  a t  t h e  e x t e r n a l  c o n n e c t o r  of t h e  m o d u l e .  " O " =  G r o u n d e d  
p r o g r a m m i n g  p i n ,  "1"= Open p rogramming  p i n .  

C o u n t e r  0 I n p u t  C o u n t e r  1 I n p u t  
P i n  7 P i n  1 2  P i n  1 5  Mode 

Jump t o  P i n  9 Jump t o  P i n  1 0  1 A u t o m a t i c  

P o s  i t  i v e  P o s i t i v e  
E x t e r n a l  P u l s e  E x t e r n a l  P u l s e  0 E x t e r n a l  

N e g a t i v e  N e g a t i v e  
E x t e r n a l  P u l s e  E x t e r n a l  P u l s e  1 E x t e r n a l  

0 0 0 O v e r f l o w  

1 1 1 O v e r f l o w  

TA-623 a n d  TB-625 P rogramming  Codes  - T h e s e  c o d e s  a r e  t o  
b e  u s e d  i n  t h e  EPROM p r o g r a m .  

Hex. Module  
Module  R e g i s t e r  Word A7 A6 A5 A 4  A3 A2 A 1  A0 Code N o .  

1 1 1 0 1 1 0 0 0  D 8  
1 2 1 1 0 1 1 0 0 1  D9 

2 2 1 1 0 1 1 0 1 1  DB 
1 1 1 0 1 1 1 0 0  DC 

TA-623 1 1 1 0 1 1 0 1 0  DA 1 

3 2 1 1 0 1 1 1 0 1  DD 

1 1 1 0 0 1 0 0 0  C 8  

1 1 1 0 0 1 0 1 0  CA 
TB-625 2 2 1 1 0 0 1 0 1 1  C B  

1 1 1 0 0 0 0 0 0  co 

1 2 1 1 0 0 1 0 0 1  c 9  1 

- - - -  
1 2 l l u o o o o l  c1 2 

1 1 1 0 0 0 0 1 0  c2 
2 2 1 1 0 0 0 0 1 1  c 3  
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MP-6O1L Analog Multiplexer Channel Programming - These codes 
are to be used in the E P R O M  program. 

Channel No. Pin NO. A7 A6 A5 A4 A3 A2 A 1  A0 

0 20 M M M O O O O O  
1 1 M M M O O O O l  
2 2 M M M O O O l O  
3 2 1  M M M O O O l l  
4 3 M M M O O l O O  
5 22 M M M O O l O l  
6 4 M M M 0 0 1 1 0  
7 2 3  M M M O O l l l  
8 24 M M M O l O O O  
9 5 M M M O l O O l  
10 6 M M M O l O l O  
11 25 M M M O l O l l  
1 2  7 M M M O l l O O  
1 3  26 M M M O l l O l  
14 8 M M M O l l l O  
1 5  27 M M M o 1 1 1 1  
1 6  28 M M M l O O O O  
17 9 M M M l O O O l  
18 10 M M M l O O l O  
19 29 M M M l O O l l  
20 11 M M M l O l O O  
2 1  30 M M M l O l O l  
22 1 2  M M M l O l l O  
2 3  3 1  M M M l O l l l  
24 32 M M M l l O O O  
25 1 3  M M M l l O O l  
26 1 4  M M M l l O l O  
27 3 3  M M M l l O l l  
28 1 5  M M M l l l O O  
29 3 4  M M M l l l O l  
30 1 6  M M M l l l l O  
3 1  3 5  M M M l l l l l  

M = Address lines used €or module selection. 
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PX-628 Power S u p p l y  E x t e r n a l  P i n  C o n n e c t i o n s  

1. 800 K b i t / s e c  C l o c k  O u t p u t  
2.  1600 K b i t / s e c  C l o c k  Ou tpu t  
3 .  50 K b i t / s e c  C l o c k  Ou tpu t  
4 .  100  K b i t / s e c  C l o c k  Ou tpu t  
5. 400 K b i t / s e c  C l o c k  Ou tpu t  
6 .  200 K b i t / s e c  C l o c k  Ou tpu t  
7 .  2 5  K b i t / s e c  C l o c k  O u t p u t  
8.  GROUND 
9.  C h a s s i s  Ground 
1 0 .  E x t e r n a l  C l o c k  I n p u t  
11. +28 V o l t  DC Power I n p u t  
1 2 .  Power Ground 
1 3 .  B i t  Rate  Program C 
1 4 .  B i t  Rate Program B 
15 .  B i t  Rate Program A 

T a b l e  20 .  
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TM-615P T i m e r  E x t e r n a l  P i n  C o n n e c t i o n s  

1. 
2. 
3 .  
4 .  
5 .  
6 .  
7 .  
8 ,  
9 .  
1 0 .  
11. 
1 2 .  
13.  
1 4 .  
1 5 .  
1 6 .  
1 7 .  
1%. 
1 9 .  
2 0 .  
21 .  
2 2 .  
2 3 .  
2 4 .  
25 .  
2 6 .  
2 7 .  
2 8 .  
2 9 .  
3 0 .  
3 1 .  
3 2 .  
3 3 .  
3 4 .  
3 5 .  
3 6 .  
3 7 .  

NRZ-L Ou tpu t  f r o m  4 0 4 9  
B i - 0 - L  O u t p u t  f r o m  4 0 4 9  
Bi-O/NRZ Se lec t  
N R Z - L  P r i m a r y  O u t p u t  f r o m  4050  
Major F r a m e  S y n c  O u t p u t  f r o m  4 0 5 0  
B i - 0 - L  P r i m a r y  O u t p u t  f r o m  4050  
P r e m o d u l a t i o n  F i l t e r  I n p u t  t o  4 0 4 9  
P r e m o d u l a t i o n  F i l t e r  O u t p u t  f r o m  CF 2 5 1 5  
I n v e r t e d  2X B i t  C l o c k  ( 0  t o  +10  V o l t )  f r o m  4 0 4 1  
2X B i t  C l o c k  O u t p u t  ( 0  t o  +10 V o l t )  f r o m  4 0 4 1  
P a r i t y  E n a b l e  S e l e c t  
B 3  P r o g r a m  B i t s  p e r  Word S e l e c t  
B2 P r o g r a m  B i t s  p e r  Word S e l e c t  
B4 P r o g r a m  B i t s  p e r  Word S e l e c t  
B 1  P r o g r a m  B i t s  per Word Se lec t  
S 2  P r o g r a m  S a m p l e  D u r a t i o n  S e l e c t  
S 3  P r o g r a m  S a m p l e  D u r a t i o n  Se l ec t  
S 1  P r o g r a m  S a m p l e  D u r a t i o n  Se l ec t  
D i g i t a l  G r o u n d  
Bi-O/NRZ Mark o r  S p a c e  Coded  O u t p u t  f r o m  4 0 4 9  
I n v e r t e d  Coded O u t p u t  f r o m  4049  
Mark/Space S e l e c t  
I n v e r t e d  B i t  C l o c k  O u t p u t  f r o m  4 0 4 9  
M i n o r  F r a m e  S y n c  O u t p u t  f r o m  4 0 5 0  
Word C l o c k  O u t p u t  f r o m  4050  
B i t  C l o c k  O u t p u t  f r o m  4 0 5 0  
N o  C o n n e c t i o n  
NO C o n n e c t  i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t  i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t  i o n  
N o  C o n n e c t i o n  
NO C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  

T a b l e  21 .  



MP-601L 3 2  C h a n n e l  H i g h  L e v e l  A n a l o g  M u l t i p l e x e r  
E x t e r n a l  P i n  C o n n e c t i o n s  

1. 
2. 
3. 
4. 
5. 
6 .  
7 .  
8.  
9 .  
1 0 .  
11. 
1 2 .  
13.  
1 4 .  
1 5 .  
1 6 .  
1 7 .  
18. 
1 9 .  

A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  G r o u n d  
P r o g r a m  A6 
P r o g r a m  A7 

A 1  
A2 
A 4  
A6 
A9 
A 1  0 
A 1  2 
A 1  4 
A17 
A 1  8 
A20 
A22 
A25 
A26 
A28 
A30 

20 .  
21 .  
22 .  
23 .  
24.  
25 .  
26.  
27 .  
28.  
29 .  
30 .  
3 1 .  
32 .  
33 .  
34 .  
35. 
36 .  
37 .  

A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
A n a l o g  C h a n n e l  
Program A 5  
No C o n n e c t i o n  

A0 
A 3  
A 5  
A7 
A 8  
A 1  1 
A 1  3 
A 1  5 
A 1  6 
A 1  9 
A2 1 
A2 3 
A24 
A27 
A29 
A31 

T a b l e  22.  
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PD-629 30 I n p u t  P a r a l l e l  D i g i t a l  D a t a  M u l t i p l e x e r  
E x t e r n a l  P i n  C o n n e c t i o n s  

1. 
2 .  
3. 
4. 
5. 
6.  
7 .  
8.  
9 .  
1 0 .  
11. 
1 2 .  
13.  
1 4 .  
1 5 .  
1 6 .  
1 7 .  
18. 
1 9 .  
20. 
2 1 .  
2 2 .  
2 3 .  
2 4 .  
2 5 .  
2 6 .  
2 7 .  
2 8 .  
2 9 .  
3 0 .  
31.  
3 2 .  
33. 
3 4 .  
3s. 
3 6 .  
3 7 .  

Word 2 B i t  0 
Word 0 B i t  0 
Word 1 B i t  1 
Word 2 B i t  2 
Word 0 B i t  2 
Word 1 B i t  3 
Word 2 B i t  4 
Word 0 B i t  4 
Word 1 B i t  5 
Word 2 B i t  6 
Word 0 B i t  6 
Word 1 B i t  7 
Word 2 B i t  8 
Word 0 B i t  8 
Word 1 B i t  9 
P r o g r a m  A 3  
P r o g r a m  A2 
Word 0 E n a b l e  
GROUND 
Word 1 B i t  0 
Word 2 R i t  1 
Word 0 B i t  1 
Word 1 B i t  2 
Word 2 B i t  3 
Word 0 B i t  3 
Word 1 B i t  4 
Word 2 B i t  5 
Word 0 B i t  5 
Word 1 B i t  6 
Word 2 B i t  7 
Word 0 B i t  7 
Word 1 B i t  8 
Word 2 B i t  9 
Word 0 B i t  9 
Word 1 E n a b l e  
P r o g r a m  A5 
P r o g r a m  A4 

B i t  9 i s  t h e  MSB a n d  b i t  0 i s  t h e  LSR i n  t h e  p a r a l l e l  words 
l i s t e d  above. P i n s  1 6 ,  1 7 ,  36 and  3 7  a r e  u s e d  t o  a s s i g n  a n  
address  t o  each  PD-629 m o d u l e .  

T a b l e  2 3 .  
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SD-624 S e r i a l  D i g i t a l  Data M u l t i p l e x e r  
E x t e r n a l  P i n  C o n n e c t i o n s  

1 .  I n p u t  S 4  2 0 .  I n p u t  S5 
2.  I n p u t  S 6  2 1 .  I n p u t  S7 
3 .  G a t e d  C l o c k  7 2 2 .  Gated  C l o c k  6 
4 .  Gated  C l o c k  5 23. Ga ted  C l o c k  4 
5.  G a t e d  C l o c k  3 2 4 .  Gated  C l o c k  2 
6 .  Gated  C l o c k  1 2 5 .  Gated  C l o c k  0 
7 .  I n p u t  S 3  2 6 .  I n p u t  S2 
8 .  I n p u t  S 1  27. I n p u t  SO 
9.  Word Leng th  Program A 2 8 .  Module S e l e c t  Program A4 
1 0 .  GROUND 29. Module S e l e c t  Program A5 
1 1 .  Word Leng th  Program B 3 0 .  I n v e r t e d  Load 2 
1 2 .  I n v e r t e d  Load 3 31. I n v e r t e d  Load 0 
13.  I n v e r t e d  Load 1 3 2 .  I n v e r t e d  Load 6 
1 4 .  E n a b l e  7 3 3 .  E n a b l e  6 
1 5 ,  E n a b l e  5 3 4 .  E n a b l e  4 
1 6 .  E n a b l e  3 35. Enab le  1 
17 .  E n a b l e  2 3 6 .  E n a b l e  0 
1 8 .  I n v e r t e d  Load 5 3 7 .  I n v e r t e d  Load 4 
19 .  I n v e r t e d  Load 7 

T a b l e  2 4 .  
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CM-622P D u a l  C o u n t e r / A c c u m u l a t o r  E x t e r n a l  P i n  C o n n e c t i o n s  

1. 
2 .  
3 .  
4 .  
5.  
6 .  
7 .  
8.  
9 .  
1 0 .  
11. 
1 2 .  
1 3 .  
1 4 .  
15.  
1 6 .  
1 7 .  
18.  
1 9 .  
20 .  
2 1 .  
2 2 .  
23 .  
24 .  
25 .  
2 6 .  
27 .  
28 .  
29 .  
30 .  
31 .  
32 .  
33 .  
34 .  
35 .  
36 .  
37 .  

N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
P r o g r a m  A 1  
C o u n t e r  0 I n p u t  
C o u n t e r  1 I n p u t  
Word L e n g t h  P r o g r a m  A 
C o u n t e r  0 Reset I n p u t  
No C o n n e c t i o n  
C o u n t e r  0 I n t e r n a l  Reset O u t p u t  
C o u n t e r  1 I n t e r n a l  Reset O u t p u t  
Word L e n g t h  P r o g r a m  B 
C o u n t e r  1 Reset I n p u t  
P r o g r a m  A 4  
P r o g r a m  A 5  
C o m p l  i m e  n t R e  s e t 
C o u n t e r  Mode C o n t r o l  
P r o g r a m  A 2  
P r o g r a m  A 3  
D i g i t a l  G r o u n d  
N o  C o n n e c t i o n  
No C o n n e c t  i o n  
No C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
No C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
No C o n n e c t  i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  

P i n s  n u m b e r s  3 ,  1 3 ,  1 4 ,  1 7  a n d  1 8  a r e  u s e d  t o  a s s i g n  a n  
a d d r e s s  t o  e a c h  c o u n t e r  m o d u l e .  Word l e n g t h  m u s t  be 
programmed a t  p i n  n u m b e r s  6 a n d  11. 

T a b l e  25 .  



TA-623 External Pin Connections 

1. 
2 .  
3. 
4 .  
5. 
6. 
7. 
8. 
9. 

Event 1 Input (Alternating Registers) 
Minor Frame Sync. Output 
Major Frame Sync. Output 
Bit Clock Output 
Word Clock Output 
Event 0 Input 
2 X  Bit Clock Output 
A3 Programming Pin 
GROUND 

The A3 programming Pin is used for module selection of the 
TB-625 Time Event monitor, so this programming pin will 
always be left open or programmed for a logic "1". For more 
information concerning the channel addressing codes, see 
tables 15 through 17. 

Table 26. 
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TB-625 T i m e  E v e n t  M o n i t o r  w i t h  T i m i n g  B u f f e r s  
E x t e r n a l  P i n  C o n n e c t i o n s  

1. E v e n t  0 I n p u t  
2 .  M i n o r  F r a m e  Sync. O u t p u t  
3. Major F r a m e  Sync.  O u t p u t  
4. B i t  C l o c k  O u t p u t  
5 .  Word C l o c k  O u t p u t  
6 .  M i n o r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 ) 

7.  

8 .  Word p e r  Frame Counter O u t p u t  ( B i t  2 1 

9 .  

4 

Word p e r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 1 1 

Word p e r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 5 ) 

10. Word p e r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 3 ) 

11. Word p e r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 0 ) 

4 

1 2 .  Word p e r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 2 ) 

1 5 .  Word p e r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 7 ) 

6 
1 3 .  2 X  k i t  Clock O u t p u t  
14. Word p e r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 ) 

0 1 6 .  Minor  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 ) 

1 7 .  M i n o r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 ' )  

1 8 .  
1 9 .  
2 0 .  
2 1 .  
2 2 .  
23. 
2 4 .  
2 5 .  
2 6 .  

2 8 .  
2 9 .  
3 0 .  
31.  
3 2 .  
33.  
3 4 .  
3 5 .  
3 6 .  
3 7 .  

2 7 ,  

M i n o r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 3 ) 
GROUND 
E v e n t  0 I n p u t  
No C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
No C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
N o  C o n n e c t i o n  
No C o n n e c t i o n  
No C o n n e c t i o n  
No C o n n e c t i o n  

2 
N o  C o n n e c t i o n  
M i n o r  F r a m e  C o u n t e r  O u t p u t  ( B i t  2 ) 
A3 P r o g r a m m i n g  P i n  

T a b l e  2 7 .  
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FL-619A Quad Filter External Pin Connections 

1. 
2. 
3 .  
4 .  
5. 
6. 
7. 
8. 
9. 

Input to Output Amplifier (Signal Conditioner Input) 
Filtered Adjustable Output (Conditioned Output) 
GROUND 
Filter # 3  Output 
Filter #1 Output 
Input to Filters (PCM From Timer Module TM-615P) 
N o  Connection 
Filter # 4  Output 
Filter # 2  Output 

The appropriate filter output can be connected to pin 1 for 
adjustable voltage amplitude output. The final filtered 
output is output on pin 2. This output can be used to 
directly modulate a transmitter. 

Table 28. 
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TO E X P E R I M E N T  

PIN 6 

PIN 1 

- , 
PIN 9 

PIN 5 

I T T  CANNON MDM-9S S O C K E T  CONNECTOR 

P I N  1 5  

0 0 0 0 0 0 c I  

0 0 0 0 0 0 0 0  

'IN PIN 'IpIN 1 

I T T  CANNON MDM-15S S O C K E T  CONNECTOR 

P I N  20  P I N  37 

O O O O O O O O O O O O Q O O O O  
O O O O O O O O O O Q O O O O O ~ O C O  

I 
P I N  1 P I N  1 9  

I T T  CANNON MDM-37s S O C K E T  CONNECTOR 

EXTERNAL CONNECTORS MATING S O C K E T S  V I E W  LOOKING I N T O  THE 
MATING SURFACE O F  T H E  S O C K E T  CONNECTORS.  

F i g u r e  3 2 .  



ABSTRACT 

This document describes the hardware and software 
characteristics of a time division multiplex system. The 
system is used to sample analog and digital data. The data 
is merged with synchronization information to produce a 
serial pulse coded modulation (PCM) bit stream. 

Information presented herein is required by users to design 
compatible interfaces and assure effective utilization of 
this encoder system. 

GSFC/Wallops Flight Facility has flown approximately 50  of 
these systems, through 1984, on sounding rockets with no 
inflight failures. Aydin Vector manufactures all of the 
components for these systems. 

B-19 



For t h e  purpose of discussion,  some term m u s t  be cdfined.  
These d e f i n i t i o n s  may not be un ive r sa l ly  agreed upon but  
should s u f f i c e  for t h e  purpose of c m n i c a t i n g  t h e  required 
information. 

BIT. A b i t  is t h e  smallest u n i t  of  information used i n  t h i s  system. 
c o n s i s t s  of an on or of f  condi t ion ,  e f f e c t i v e l y ,  yes  or no. 

I t  

FRAh'IE. A frame begins  wi th  t h e  frame synchronization p a t t e r n  and con- 
t i n u e s  up to, but  not including,  t h e  next frame synchronization 
p a t t e r n .  

MAINFRAME RATE. One sample pe r  minor frame i n  a subcarmutated format 
is a mainframe sampling rate and one sample i n  a major frame i f  
s u b c m t a t i o n  is not used is also a mainframe sampling rate. 

MAJOR FRAME. A major frame is made up of mul t ip l e  minor frames i n  a 
s u b c m t a t e d  format. 
i n  one major frame. 

One complete sampling h i s t o r y  is contained 

MINOR FRAME. Minor frames appear when subcormrutation is used. A 
minor frame begins  with t h e  frame synchronization p a t t e r n  and 
cont inues up to,  but  not including,  t h e  next frame synchro- 
n i z a t i o n  pa t t e rn .  
i n  length  and is present  only when subcarmutation is used. 
Minor frames are sometimes r e f e r r e d  t o  as subframes. 

I n  e f f e c t ,  a m i n o r  frame is equal t o  a frame 

SUBCOMMUTATED DATA. This  is da ta  sampled a t  a rate less than t h e  
mainframe sampling rate. A s u b c m t a t e d  d a t a  channel is not 
sampled i n  every minor frame. 

SUPEXOMhRTATED DATA. This  is data t h a t  is sampled a t  a rate greater 
than t h e  mainframe rate. S u p e r c m t a t e d  d a t a  is sampled mre 
than  one t i m e  pe r  minor frame i n  a s u b c m t a t e d  f o m t  and is 
sampled more than one t i m e  per frame i f  s u b c m t a t i o n  is not 
used. 

WORD. A word conta ins  8, 9 or 10 b i t s  of da ta .  The value of t h e  
The word experesses  t h e  value of a s i n g l e  channel of da t a .  

system uses  t h e  b inary  number system so t h e  maximum value  of 
an 8-bit word is 256 and so on. 

For a graphica l  representa t ion  of t h e s e  t e r n ,  r e f e r  t o  Figure 5, Sample 
D a t a  Format. 
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